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Since he first probed the secrets of the atom, man has pursued the vision of using its enormous forces for practical power production. 
Ideas in the minds of scientist and engineer were the seeds that have now come to fruition with the opening of Calder Hall, the 


world’s first full-scale atomie power station. The contribution of Babeock and Wilcox Ltd. to this remarkable achievement started 


eight years ago when, at the request of the Government, they under- 


took the design study of steam-raising plant for nuclear power stations. 
They have sinee manufactured and installed all the special 80-feet-high 
seam-generating towers for Calder Hall and are extensively engaged in other im- 


) ° . ° . . . . . 
portant developments which offer to the nation a sure promise of greater harvests in the field of atomic power. 


BA E CK % WILCOX LTD BABCOCEE HOUSE, 209 EUSTON RD., LONDON, N.W.1 
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r Cossor Oscillographs 
in research 
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The value of the Cathode Ray Oscillograph 
. as an aid to scientific investigation is so high 
\™ and so widely appreciated that further 
emphasis on its importance is unnecessary. 
We would emphasise, however, that i 
Cossor Instruments Ltd., in providing 
a wide range of these invaluable 
instruments, have been able to 





help Research with the solu- 

tion of many of its difficult 
problems and are anxious to 

place their long experience of the 
subject at the disposal of enquirers. 
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Model 1035 Mk Il 
Double Beam Oscillograph 


Two independent amplifiers 
with frequency ranges 20 c/s 
to 7 Mc/s and 20 c/s to 100 
Ke/s. The 4-in dia. flat screen 
tube operates at 2 kV. 

Time intervals and Input 
Voltages may be measured 
on either beam by means 

of the calibrated controls. 
Time base for repetitive, 
triggered or single-stroke 
scan with velocity 150 milli- 
seconds to I§ micro-seconds. 





The instrument in operation near the face of the British 
Experimental Pile “BEPO” at the Harwell Research 
Establishment of the United Kingdom Atomic Energy 
Authority. 





COSSOR INSTRUMENTS LIMITED 


THE INSTRUMENT COMPANY OF THE COSSOR GROUP 
COSSOR HOUSE - (Dept. 68) - HIGHBURY GROVE - LONDON - N.5 
Telephone: CANonbury 1234 (33 lines) 

Telegrams: Cossor, Norphone, London 


Cables: Cossor, London 
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HEALTH INSTRUMENTATION 


BY PHILIPS 


The units illustrated here are selected from Philips range of monitoring 

equipment designed to safeguard the health of workers in atomic factories 

and research establishments. Full details will gladly be sent on request. 
Philips, with their many years’ experience in the field of radiation 

measurement, are best qualified to advise on all health instrumentation problems. 
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Pocket Battery Monitor type PW 4010. Sensitive to 
gamma rays, high energy beta radiation and X-rays, 
with ranges for high and low sensitivity. Low intensities 
also audibly detectable by earphones. Ideal for = 
intensity measurements in laboratories, checking = 
radio-active sources or tracers, etc. A product of N.V. = 
Philips, Eindhoven, Holland. = 


A number of 

these monitors 
have heen supplied 
to Calder Hall 
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Hand and Clothing Monitor type 1404A. Enables workers to rapidly 
check their hands and clothing for harmful contamination. The 
instrument incorporates hand units for detecting beta-gamma 
radiation and, below these, two frisking probes for checking the 
clothing for beta-gamma and alpha radiation. Special care has been 
Contamination Meter type 1092D. Accurately measures 
gamma activity on clothing, benches, etc. Interchange- 
able power supply units : high tension battery, mains 
unit, or vibrator. Cold cathode valves throughout 
obviate need for filament heating and help to reduce 
size, weight and maintenance. Developed in conjunction 
with U.K.A.E.A., Harwell. 


taken in design to ensure ease-of cleaning and quick replacement of 
contaminated parts. Developed in conjunction with U.K.A.E.A., Harwell. 


cas) PHILIPS ELECTRICAL LTD 


Write or telephone for full details of the complete saa RESEARCH AND CONTROL INSTRUMENTS DIVISION 
Philips range of health monitoring equipment. . yy 


CENTURY HOUSE + SHAFTESBURY AVENUE + LONDON + W.C.2 
TELEPHONE : GERrard 7777 (PSBO203) 
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Gauntlets for Atomic Research 
produced in collaboration with 
the Atomic Energy Research 
Establishment, Harwell, by 


VEEDIP LIMITED 
St. Helens Works, Slough, Bucks, England. 


manufacturers of Surgical, Industrial 
and Atomic Rubber Products. 
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Gooseberry Bush ? Phooey ! 


WE grew 
from a 
BULB 






Even on the uncongested roads of 1909, we ‘ squeezed ’ past 
other vehicles. But the horns whose bulbs we squeezed, often 
wheezed instead of warning. So Klaxon produced the more 
penetrating ‘ mechanical horn’ which in ever more melodious tones 
has given voice to vehicles ever since. 

Today, ‘ Klaxon’ means ‘ horn’ in any language. But to those 
who are ‘ up’ in electrical engineering, it now means a great deal 
more. Klaxon’s skilled design and faithful workmanship are built into a 
variety of ultra-modern productions. 


KLAXONIA 
TOOTALUIA 
or ‘Horn Lily’. Heard 
all over this country 
—and most others. 
Flourishes on Aqua Pura 
but must never have 


. . . . « > 
Prompt delivery. Quotations and specifications on request. one for the road”. 
Klaxon will undertake research and development for the 


production of special apparatus by arrangement. 

























LAXON 


make many 





FRACTIONAL HORSE FRACTIONAL HORSE 
POWER MOTORS POWER GEARED UNITS 
Up to 1 h.p. Commutator and Torques to 2,500 lbs. ins. Speeds 
Induction. Any voltage. Standard down to 1 rev. in 24 hours. 
or High Frequency. Commutator or Induction motors. 





FLAMEPROOF HOOTERS SHADED POLE MOTORS 
Warning range 200 yds. to 1/300h.p.to1/12h.p. Illustrated 
560 yds. 6-250 volts. Suitable for — 1/150 h.p. 2,500 r.p.m. Suit- 
mines, oilfields, etc. able for light mechanical drives or 
fan duty. 


things 


as well 
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ELECTRIC AIR SIRENS INSTRUMENT MOTORS 
Range 440 yds. to 5 miles. In- AND GEARED UNITS 
door or Outdoor. Any voltage. Synchronous Motors 1,500 r.p.m. 
Weatherproof and Flameproof or 3,000 r.p.m. Synchronous 
for mines, steelworks, oilfields, etc. Geared Units to 0.033 r.p.m. KLAXON LTD. A Company of the Windsor Group 
49 UPPER BROOK ST., LONDON, W.1. Mayfair 9020 


WORKS: BIRMINGHAM. Acocks Green 1654 


CvS-35 
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Also the Klaxon Latex Tester, Heavy Duty 
Wipers, and Flashing Signals. 











in ATOMIC plants... | 
VALVE experience counts 








I DOUNREAY > 
CHAPEL CROSS 


For the above plants of the 
United Kingdom Atomic Energy Authority 


HOPKINSONS’ 


Valves and Fittings 


are being supplied in very large quantities from 
?” bore to 28” bore valves, including electrically- 


operated units and desuperheaters. 








HOPKINSONS LIMITED HUDDERSFIELD 


em, momen, OFFIC E: 34 NORFOLK STREET 





HV 88 
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Assembling a 25-MeV electron linear 
accelerator for A.E.R.E., Harwell, at 
the Trafford Park Works. 





MASS SPECTROMETERS 










‘saa 


An MS2 mass spectrometer in use at 
Harwell. 


VACUUM 
PUMPS 


ATOMIC 
RESEARCH 


The unrivalled experience of Metropolitan-Vickers in 


Metrovac diffusion pumps 
have a wide range of ap- 
plications in research and 
industry. 
atomic research extends over a period of thirty years. 
The Company is in a position to supply much of the 
equipment required for nuclear research and for the 


commercial development of nuclear power. 


METROPOLITAN -VICKERS 


ELECTRICAL CO LTD TRAFFORD PARK MANCHESTER 





Constituent Member of the AEI 
John Thompson Nuclear Energy Co. Ltd. 


“LEADING ELECTRICAL PROGRES S= 
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FAIREY tabrications 
for ATOMIC ENERGY 




















Fairey Aviation is developing 
and manufacturing important fabricated 
assemblies both in light alloy and steel for the 
new atomic power stations and for other projects 
of the United Kingdom Atomic Energy Authority. 
| i | / | ’ | { \ i Fairey Aviation has ten years’ experience of 
* : collaboration in the development of atomic plant. 


This experience is backed by the company’s 
STEEL AND NON -FERROUS 


MACHINING AND FABRICATION resources as a major aircraft manufacturer 


and is now at the service of industry. 


THE FAIREY AVIATION COMPANY LIMITED + HAYES - MIDDLESEX 


ENGLAND - AUSTRALIA - CANADA 
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Specified for Calder Hall 


Vokes Genspring pipe support systems are acknowledged 
to be the finest and most accurate available. As the 

first unit in a revolutionary departure from normal 
power generation, Calder Hall must have only the 

best in equipment—and for this important pioneer in 
nuclear power generation we supplied C. A. Parsons 

& Co. Ltd., one of the main contractors for this 

station, with the latest in the range of Vokes Genspring 
Constant Support Hangers to support the mass of 
complex piping. 

Vokes W.3 and W.4 Hangers and their associated 
fittings are used extensively in both the ‘A’ and ‘ B’ 
stations. The hangers shown can withstand a load of 
30,000 Ib. over a travel of 32 ins. or 8,400 Ib. over 12 ins. 


VOKES GENSPRING 
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Dust—whatever form it may take—can ravage the health of people and 
the life of machinery alike. Vokes filters have long been the obvious 
method of combating this danger, and at the Atomic Energy Commission’s 
station at Harwell, Vokes filters are extensively installed. Maximum 
protection is given in this way not only against normal, airborne abrasives 
but wherever there is a risk of * sub-micronic ’ particles or radio-active 
dust being present. Long-lasting, tested, and reliable Vokes filters are the 
finest answer to the modern-day problems of efficient filtration. 


FILTERS 


VOKES LIMITED - GUILDFORD - SURREY 

Tel.: Guildford 62861 (6 lines). Grams & Cables: Vokesacess, Guildford, Telex. Telex: 13-535 Vokesacess 
London Office: 123 Victoria Street, Westminster, $.W.1 

VOKES (CANADA) LTD., TORONTO VOKES AUSTRALIA PTY. LTD., SYDNEY Represented throughout the world 





Harwell 


pioneers of scientific filtration 


.*e 
A 
< 
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CROSSLEYS tor Britain’s First 





Atomic Power Station _ 


Chosen to provide standby 
electrical power Crossley Scavenge 
Pump Diesel Engines are ideally 


suited to automatic operation in 


YW 
D 
Z 
Z 
ZY 
ZY 
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the event of mains failure. 


They are quick starting because 








they are two-cycle engines the 





firing impulses being so closely spaced as to require 


only a light flywheel to give a good degree of cyclic variation. Rapid 


acceleration up to full speed is therefore an inherent quality. 


In addition to the four engines in service at Calder Hall ‘‘A’’ station 


similar sets are destined for Calder Hall ‘‘B’’ and Chapel Cross. Other 


smaller Scavenge Pump Diesels of straight and ‘‘Vee’’ design are also 


under construction for the Dounreay station. 





These engines are durable 


, reliable and silent on load because 
they are... 














DIESEL ENGINES 





CROSSLEY BROTHERS LIMITED 


OPENSHAW : MANCHESTER 11 
London Office: Langham House, 308 Regent Street, W.1 


C403 


s 
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RADIO (DEVELOPMENTS) LTD. 


Radio-active Dust Sampling 
Equipment 


Developed in collaboration with 
The U.K. Atomic Energy Authority, Harwell 





‘ This group of instruments forms a universal dust, 
—_— | personnel, and area monitoring equipment for 
2tpha, beta, or gamma contamination, Whilst the 


various units have been designed to work together 
as a whole, they may be used individually for 
general works or laboratory purposes. 
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All Designers and Manufacturers of:- Logarithmic Ratemeters, Pulse Generators, Time-Base 
enquiries Equipment, X-Ray Dose Meters, Linear Amplifiers, Quench Amplifiers, Gamma-Radiation Monitors 
to: CAXTON WAY, STEVENAGE, HERTS. (Stevenage 804) 

















| Portrait of a spy... 


—s 


ASTER OF INFILTRATION for many generations, the modern spy also 

has to bean expert on filtration. Today’s secret agent has access to 
so much information that he has to know exactly what he is about 
in order to send back to his superiors only those formule and plans 
which will yield vital secrets. 

For a long time, too, Heather Filters have been doing an exemplary 
job of work wherever vital clean air needs to be passed through an 
air-conditioning system. Their intermingling hairs stop the passage of 
harmful dust without the aid of any messy fluids, and they can be 
cleaned in a jiffy. What’s more, they make a claim that most spies 
cannot—they will last a long lifetime! We would be pleased to help you 
find out some more secrets of efficient air filtration. 


LED ARNE DAES LEMLI EIS LIT RD 


28ST. JAMES’S PLACE, LONDON, S.W.!. HYDE PARK 7588 
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The illustration shows 
the reactor gamma 
monitor type 1457A 





Calder Hall uses |.D.L. Nucleonic Instrumentation 


Full porticulars of our 
complete range of industrial and 
laboratory nucleonic instrumentation from; 


ISOTOPE DEVELOPMENTS LTD. 
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Laboratories & Works: Beenham Grange, Aldermaston Wharf, Nr. Reading, Berks. Tel 


Isotope Developments Limited, as 
specialists in the industrial and research 
application of atomic energy, are playing 
a part in the instrumentation of 

the Calder Hall Power Reactor. 


Besides specific instruments for Calder 

Hall, Isotope Developments are 

engaged upon an extensive programme 

of commercial reactor instrumentation. 
Amongst their present projects are 

the Nucleonic instrumentation of the 

** Merlin”? (Medium Energy Research 

Light Water Moderated Industrial 

Nuclear Reactor) experimental reactor 
produced by the A.E.I. John Thompson 
Nuclear Energy Co. Ltd., and acting as 
consultants and suppliers of instruments for 
a number of European and overseas reactors. 


DEVELOPMENTS LTD. 





Woclhampton 451/3 


London Office: 120 Moorgate, London, E.C.2. Tel: METropolitan 964! 





































Chosen—by those who know best—for Calder Hall Power Station 






Once you have decided to utilize 
a Londex relay in your particular 
alarm circuit you need have no 
further worries. Londex relays 
are built to be reliable and to 
function exactly at the critical 
time, whether it is many times an 
hour or only once in 6 months. 
Choose the type you need from a 
range covering thousands of vari- 
ations; we can supply just the 
relay or a complete “ custom- 
built ” panel. 


Complete your library with a copy 
of our publication No. 144. 
Free on request. 


ANERLEY WORKS, 


LONDEX LTD. *", 
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LONDON, S.E.20. 


SYDenham 6258 
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the H80o0 
infra-red 


spectrophotometer 


This instrument is the most advanced of its kind for all forms 
of qualitative and quantitative analysis. It produces a pen-written 
record showing directly the spectra of the substance being tested. 
Prisms of glass, quartz, lithium fluoride, calcium fluoride, rocksalt, 
potassium bromide, and caesium bromide are available and 
are interchangeable either one with another or witha diffraction 
grating. The instrument can be used either for double beam or 
single beam work and the resolution is high even at fast 
scanning speeds. 


For full details write for catalogue CH 310 (N.P. 11) 


HILGER & WATTS LTD 98 ST PANCRAS WAY, LONDON, N.W.|! TEL: GUL 5636 


Makers of precision optical instruments for analysis, measurement, and inspection 








REACTOR 
INSTRUMENTATION 


























SILEY 


4 5 
*Staywe™ 
The Main Control Panel for ‘‘LIDO” 
ERICSSON INSTRUMENT DIVISION - HIGH CHURCH STREET - NEW BASFORD Swimming Pool Reactor, including the 
i Measurement, Control and Saitety cir- 
NOTTINGHAM . Tel: Nottingham 75115 speciaLists IN ELECTRONIC AND NUCLEONIC INSTRUMENTATION  Cuits,designedand installedby Ericsson 
Instrument Division in collaboration 
with A.E.R.E. (Harwell) 
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x | 
NEW LIGHT WEIGHT PORTABLE SURVEY METER | 
* 





Details of all Panax productions are available on application to the manufacturers 


PANAX EQUIPMENT LTD., 173 London Road, Mitcham, Surrey. 


RADIATION MONITOR 
TYPE T.R.56 


This robust self-contained instrument uses as a detector a large 
gamma geiger counter with a 2” moving coil meter for visual indi- 
cation. This meter is calibrated in two ranges, 0-0.5 and 0-5 
mR/HR. A small two pin socket is provided for headphone use. 
The Panax T.R. 56 Monitor is designed to the most rigid specifica- 
tion and constructed to withstand rough handling. Its steel case 
is completely sealed and batteries are housed in a separate water- 
proof compartment. Transistors are used exclusively in_ this 
instrument, power being derived from two 1-5V type U2 cells 
arranged in series. Instrument dimensions are 74” x 24” x 54”, 
weight 34 Ibs. Battery life exceeds 500 hours. Temperature com- 
pensated up to 55°C. 

Other types of Panax instruments in the field of Isotope application 
include a double pulse generator (type 100A), high speed scaler 
(type 100C), rate meter (type 5054), universal lead castle (type 
ULC), dekatron scaler (type D554) and power pack (type 3,000). 


* 
* 
* 
* 





Tel: MiTcham 2006/7 


EXPORT MANAGERS: NUCLEAR RESEARCH APPLICATIONS LTD., EMEFCO HOUSE, 107 BELL STREET, REIGATE, SURREY 





CONCRETE PROTECTION! 


On the 


CALDER HALL PROJECT 


Messrs. Taylor-Woodrow Ltd. 
entrusted the work of 


DRAIN CHANNELS AND 
SPECIAL FLOORING 


to 


Messrs. F. HAWORTH (A.R.C.) LTD. 


This is one of the many instances where 
Haworth’s special finishes are being employed 
in modern industrial buildings, and where the 
demands of progress have been immediately 
satisfied by our organisation. If you have a 
problem where protection is required against 
corrosive gases or liquors, call in Haworth’s 
the people with SO years’ experience behind 
them 


F. HAWORTH (A.R.C) LTD. 


















Typical area of flooring show- 
ing plinth protection & drainage 


London C ffice 


40 Buckingham Palace Road 
LONDON, S.W.1 


LANCS "Phone : TATe Gallery 3861 


"Grams: ‘* CHEMBRIK "’, 
SOWEST, LONDON 
dm HW .28 
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FERROUS yy, 
xo es a 


THE HOUSE OF 


SMITHS 


OF 


CLERKENWELL 
Offer the most comprehensive stock available 
FOR THE NUCLEAR ENGINEER 


BRASS - DURALUMIN RIVETS 
COPPER - ALUMINIUM NUTS 
PHOSPHOR BRONZE, ETC. SCREWS, ETC. 


J. SMITH & SONS (CLERKENWELL) LTD. 
42-54 ST. JOHN’S SQUARE, CLERKENWELL, LONDON, E.C.1 
Phone: CLErkenwell 1277 (14 lines) 

















Have you @ SPECIAL INSTRUMENTATION p/oblem? 


There are two ways in which we can probably help you. We can and do SPECIAL RANGES AND SCALES 


adapt stands inst mite at sete fide speci NON-STANDARD INSTRUMENTS 
idapt our standard instruments and test sets to provide special ranges or CUSTOM-BUILT MULTILRANGE TEST 


scales to meet customers’ requirements. Alternatively, we can put OUr gETS . SPECIAL APPLICATION 
design team to work from scratch on your problem, and produce special COMPONENTS AND CONTROL GEAR 
instrumentation and control equipment without undue delay. Backed as ELECTRO-MAGNETIC RELAYS 
we are by the considerable experience, facilities and resources of the Pullin ELECTRO-MECHANICAL COMPONENTS 
eae ae ae : , _ WIRING AND SUB-ASSEMBLY - DESIGN 
Group of Companies, we are well qualified to advise. You will find uu pEeyELOPMENT - PRODUCTION 
both interested and co-operative . . . REPAIRS 


we have special facilities at =< 


MEASURING INSTRUMENTS (PULLIN) LIMITED, Electrin Works, Winchester Street, Acton, London, W.3 Tel.: ACOrn 4651 & 8801 (5 lines) 
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AT 


FOR 





| SEVERAL IMPORTANT COMPONENTS FOR THE STEAM RAISING UNITS 


| CALDER HALL ATOMIC GENERATING STATION 


| WERE, AND ARE, BEING FABRICATED 


ARCHIBALD JOHNSTONE (ENGINEERS) LID 


9-13, NEWTON ROAD, LEEDS 7 
TELEPHONE: LEEDS 41277 


WHO ALSO SPECIALISE IN THE REPAIR, MAINTENANCE AND MODIFICATION 
TO IMPROVE LIFE AND PERFORMANCE OF 


| DRAUGHT PLANT—AIR PREHEATERS—DUST COLLECTORS 


ALL STEAM RAISING UNITS 




















Every picture tells a — 


‘Hame Gpraye 





JET ENGINE DETUNERS 
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Schori division of F.W.BERK «CC? LV? 


Dept. 3P, BRENT CRESCENT, NORTH CIRCULAR ROAD, LONDON, N.W.I0 





ALUMINIUM SPRAYED BY 
THE SCHORI DIVISION OF 
F. W. BERK & CO. LTD. 
FOR DETUNERS LTD. 


BY COURTESY OF 
THE DE HAVILLAND AIRCRAFT CO LTD. 


Shotblasting and Metal Spraying 

contracts carried out on site. Jobbing Factories 
in London, Manchester and Glasgow 

Metal Spraying Equipment supplied ex stock 


AUTOMATIC SPRAYING PLANTS 
DESIGNED TO YOUR REQUIREMENTS 


Elgar 3533 
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Almost as versatile* 
as the atom... 





DEXION SLOTTED ANGLE 


is now playing its part in the important work 
going forward at the following establishments, 
among others: 


Calder Works, Cumberland 
Windscale Works, Cumberland 
MoS Establishment, Aldermaston 
AERE, Harwell 

UKAEA, Risley 

UKAEA, Capenhurst. 


al. 


aj With Dexion Slotted Angle, you can build almost 
anything — far more easily, quickly and cheaply 
than using conventional materials. You can 
make up work-benches, storage racking, trolleys, 
machine-stands, framework for electrical or 
chemical apparatus—in fact, practically anything 
you need—just as and when you need it. You 
can alter it as required, or dismantle it and use 
the Dexion again for something else. 


Dexion Slotted Angle is available in rust- 
rs protected stove-enamelled steel, or in aluminium 
rs alloy, and is supplied complete with bolts. 

There are now four sizes of Dexion, providing 
q a complete system of construction. Details from: 


DEXION LTD., 65 MAYGROVE ROAD, LONDON, N.W.6. TEL: MAIDA VALE 6031-9 
533 
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H. M. HOBSON LTD. have for many 
years specialised in the design and manufacture of 
aircraft components calling for the highest degree of 
ingenuity and precision engineering. Although these 
activities continue in full swing, the Company have 
now entered the nuclear field and are engaged in the 
design and production of reactor control components 
and other ancillary equipment in collaboration with the 
Atomic Energy Authority. These items include the 
control systems for the following important Research 
Reactors: E.443 (Dido) for Harwell, A.E.443 for 
Sydney, Australia, and the R.E.775 (Pluto) for Harwell 
and Dounreay. Design, development and manufacture 
is proceeding on an automatic machine for introducing 
isotope specimens into the reactor and removing them 
after the requisite irradiation time; precision small 
pressure vessels and other experimental equipment for 
testing samples of various materials in the reactors; 


and control mechanisms for a new zero energy reactor. 


Hobson 


SPECIALISTS IN PRECISION ENGINEERING PROJECTS 
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H.M. HOBSON LIMITED, WOLVERHAMPTON, ENGLAND 
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Fluorescent 
Lighting Equipment 
for the 


Control Room and offices at 


Calder Hall 


was supplied by 


A.E.I. Lamp and Lighting Co. Ltd. 


roup of Companies) 
Crown House, Aldwych, LONDON, W.C.2. Tel: Temple Bar 8040 


D ip and li of 
The British Thomson-Houston Co. Ltd. 
Edison Swan Electric Co. Ltd. 
siealinay Tibi Blectrical Co. Ltd. 















ck dosimeter 


personal monitor 








Designed to indicate the integrated doses of 
Gamma or hard X-ray radiation received by 


an individual. The accumulated exposure is 
determined by holding the dosimeter to the 
eye and viewing the position of a fibre on a 
calibrated graticule. Two ranges are avail- 
able, 0 to O°5r or O to 5r, and full details will 
be sent on request. 








CINEMA 











A COMPANY WITHIN THE RANK ORGANISATION LIMITED 


WORSLEY BRIDGE ROAD «+ LONDON S.E.26 
HITHER GREEN 4600 
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.-» Unique materials requiring highly specialised 


manufacturing, design and engineering techniques 


Our experience of engineering in carbon and 


graphite is contributing to the solution of many 






thermal, mechanical and chemical problems 


in nuclear power development. 





CARBON and 
GRAPHITE... 
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Powell Duffryn 


CARBON PRODUCTS LIMITED 


ENGINEERS IN CARBON & GRAPHITE 


Springfield Road, Hayes, Middlesex. Tel: Hayes 3994 
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SHANDON. 


remote - 


controlled 
microscopes 


THE metallographic examination of radio 
active materials behind efficient shielding 
presents formidable instrumentation pro- 
blems if full advantage is to be taken of the 
versatility of modern metallurgical micro- 
scopes with their multitude of adjustments 
and complex controls. 


In close co-operation with the United 
Kingdom Atomic Energy Authority the 
Reichert-Shandon Remote-controlled Micro- 
scope has been developed and is now com- 
mercially available to the steadily increas- 
ing number of laboratories which are faced 
with the problem of examining active or 
toxic materials. 


By means of an optical train passing 
through the shielding, visual microscopy and 
photomicrography is possible—conveniently 
and safely. All microscrope adjustments, 
such as coarse and fine focussing, operation 
of iris diaphragms, stage traverses and rota- 
tion, insertion, withdrawal and rotation of 
polarisers and analysers and changing of 
objectives, are remotely controlled from out- 
side the shielding. In addition, phase-contrast 
or dark-field illumination can be applied and 
micro-hardness tests can be carried out in 
rapid succession and whilst the radio-active 
specimen remains in position on the micro- 
scope stage. 


Further information is obtainable from 


SHANDON SCIENTIFIC COMPANY LTD. 
6 CROMWELL PLACE, LONDON, S.W.7 


Telephone: KNightsbridge 1131/3 











In diameters of 1” to 7 ft. — and upwards. 
Consult us on your bellows problem. 


STAINLESS 
STEEL 
In technical collaboration withthe RELLO WS 


Solar Aircraft Coy., U.S.A. 


TEDDINGTON AIRCRAFT CONTROLS LTD., 
INDUSTRIAL BELLOWS DIVISION (L), 
MERTHYR TYDFIL, SOUTH WALES. 

Telephone: Merthyr Tydfil 666 
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the ideal joint for 
thin walled pipes 


Simplifix fittings use the well-known principle of the 
compression joint in its most efficient form. The anti- 
friction washer—special to the Simplifix coupling and so 
designed that it is an integral part of the locking nut— 
prevents the tube being twisted whilst the joint is being 





made. 

Because of this, Simplifix Couplings can be used on almost 
any kind of pipe, including those with very thin walls. 
Price List and Catalogue of Standard Fittings for O.D. 
Copper Pipe gladly sent on request. 


SIMPLIFIX COUPLINGS LIMITED, 
HARGRAVE ROAD, MAIDENHEAD, BERKS. 




















Tel: Maidenhead 2271-4 




















Heat Exchanger Mountings, Parallel 
slide valves for steam feed and gas coolant 
lines and Safety Relief Valves, etc.... 


for 
CALDER HALL ‘A’ & ‘B’ 
CHAPEL CROSS 


Oe" DYER: 


AND COMPANY LIMITED 














WORKS: LONDON - BRADFORD - DUMBARTON - HILLINGTON 

















| 
| 
| 
| | GREAT DOVER ST., LONDON ~ Telephone: HOP 3100 (12 lines) 
| 
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TOP SECRET 


We can’t tell you where itis... 
We can’t tell you what it does... 


. . but we can tell you that this Plant is in a Research 
Establishment. That a primary necessity in the 
plant was that the liquid and material in suspension should 
nowhere come into contact with the metal surfaces. 
And that the tank, pipes, valves and pumps are lined 
throughout with Linatex rubber. 
It’s no breach of security to tell you why Linatex linings were 
chosen for this purpose; the exceptional abrasion and 
corrosion resistant qualities of Linatex rubber are well known 
to every chemist and engineer. 
In the diagram below the shaded areas are lined with Linatex. 


is vulcanised by a cold chemical i ie 
process that retains all the tough- | 


ness, resilience and resistance to 
corrosion of the natural rubber. So Linatex—95 % pure natural rubber 
—is non-perishable, abrasion and corrosion-proof—the toughest mat- 
erial for a wide range of purposes. 
Linatex linings can be fitted on site or at our factory. Our Resident 
Engineer for your area will gladly make a survey. 
WILKINSON RUBBER LINATEX LIMITED 
CAMBERLEY + SURREY - ENGLAND 
Telegrams: LINATEX, Camberley 
Telephone: Camberley 1595 
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TODAY, MORE THAN EVER 


INDUSTRY Looks To [3'1])/30p 





for efficiency in pipe line systems 


Whatever the field of application, whether it 
involves high pressures or very low pressure 
vacuum lines, ERMETO fittings are success- 
fully withstanding the increased stresses imposed 
by higher industrial efficiency. 


We shall be glad to send technical details on request. 


\ 


BRITISH ERMETO , , 
CORPORATION LTD. E y 
MAIDENHEAD, BERKS. 


Telephone : ; ri} | 


Maidenhead 2271-4 








VALVES & COUPLINGS 
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@ WE SERVE ALL PARTS OF 
© THE INDUSTRIAL WORLD 





| 
| —WE OFFER OUR SERVICES 
| INSTRUMENTS IN THE ATOMIC FIELD 


| @ PRECISION INSTRUMENTS 


@ ELECTRICAL AND INSTRUMENT DIVISION 
| MECHANICAL MEASURING B. & F. CARTER & CO. LTD. 
OTS Sy Ceenree ALBION WORKS, BOLTON 23, ENGLAND 
@ SMALL PARTS @ DIE CASTINGS TEL. BOLTON 4344 (3 LINES) 
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STEEL FABRICATION in Nuclear Engineering calls for a 
meticulous thoroughness of design detail, extreme accuracy of 
fabrication and practical skill in erection. 

We at Wright, Anderson have, throughout our long experience, 
insisted on these things being an integral part of our service. This 
service—through surveying, design, fabrication, erection and 
finishing—is at the service of Nuclear Engineering. We are always 
pleased to be approached even for provisional discussion and 
invite your enquiries. 








Contractors to H.M. Government Departments, Central Electricity 
Authority. National Coal Board, Atomic Energy Authority, and 
Crown Agents for Overseas Governments and Administrations. 


WRIGHT, ANDERSON & CO. LIMITED 





ry CONSTRUCTIONAL ENGINEERS & BRIDGE BUILDERS G.P.O. Box No. 2 + Gateshead + Co. Durham 
CCAM aeciamiity Tel: Gateshead 72246 (3 lines) . Grams: ‘* Construct, Gateshead ”’ 
) . London Technical Office: Regent House ° Kingsway, W.C.2 : Tel: Holborn 9811 
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to your elbow 


THE OLD ALCHEMISTS’ QUEST of means to 
transmute metal (common) into metal (precious) 
was not vastly different from the modern 
achievement—metal into energy; but they 

couldn’t foresee the engineering part of it. 

That’s where Butterfields come into the 

picture, with wide experience of producing all 


manner of Stainless Steel Equipment to specification. 


Butterfield 


. 


May we quote for your next job ? 


W. P. Butterfield Limited 
P.O. Box 38 Shipley Yorkshire Tel 52244 (8 lines) 


Branches LONDON Telephone HOLborn 2455 (4 lines) BIRMINGHAM 
Telephone EAS 087! BRISTOL Telephone 26902 LIVERPOOL Telephone 
CEN 0829 MANCHESTER Telephone BLAckfriars 9417 
NEWCASTLE-ON-TYNE Telephone 23823 GLASGOW Telephone CEN 7696 
BELFAST N.!. Telephone 57343 DUBLIN Telephone 77232 


STAINLESS 
STEEL 


EQUIPMENT 
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1.C.1. Tubes & Plates 
at Calder Hall 
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The biggest contribution of non-ferrous metals to the condensing plant 
at Calder Hall has been made by I.C.I. 

In addition to 104 tons of condenser tubes, I.C.I. supplied Messrs. 
C. A. Parsons & Co. Ltd., makers of the turbo-generating and condensing 
plant, with all the plates (134 tons) for main and dump condensers. 


ICI 





METALS DIVISION 


IMPERIAL CHEMICAL INDUSTRIES LTD., LONDON, S.W.I. 
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Shaping 
the Future 











MAR. 193 






Skill doesn’t come easily. It has taken more 
than 12 years of close association with the 
development of Atomic Energy for Marstons to 
build up the specialized technical knowledge 

they possess in this field. Marston Excelsior, from 
the start, have been among the foremost suppliers 
of specialized equipment to the U.K.A.E.A.— 
equipment for the first large-scale diffusion 

plant in this country; plate type fuel elements for 
the research reactors Dido, Lido and Dimple; 
stainless steel gas coolers for Calder Hall. It is 
this past experience that is helping Marstons 


to shape the future with such precision. 








MARSTON EXCELSIOR LIMITED 


Fordhouses, Wolverhampton 
AT CALDER HALL 
this complex bundle of 

A subsidiary of Imperial Chemical Industries Limited precision made tubes ts part of the monitoring 
system. In any problem of specialized fabrication, 
Marstons will most likely have the answer. 
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BUILT 10 
INTRINSIC SAFETY 
STANDARDS 


This range of Pressure Transmitters, designed in co-operation with the Budenberg Gauge 
Company Limited, offers a new and most comprehensive and effective method of pressure 
bd transmission. The units are simple, they contain no moving parts that can wear or give trouble, 
there being no sliding contacts to corrode or require attention. They can, in fact, be regarded 
as less complex than a standard pressure gauge, which they can replace in any location. The 
AUTOMATION complete range covers all normal requirements. Standard models for full-scale values from 
5” water gauge to 15,000 p.s.i. Ranges outside these limits and non-standard types are 

available. Write for full details in publication number 238/ NP 

AN 


F * Tel. | 
ELDEN ELECTRONICS LTD - WYTHENSHAWE ~ MANCHESTER * Te.: Wythenshawe 8251 (4 ins) | 40 


Branch offices: 
London, Birmingham, Newcastle-on-Tyne, Stockton-on-Tees and Cardiff. Scotland: 3a St. Vincent Street, Ediaburgh 3 COMPANY 
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STABILISERS & 
REFERENCE TUBES 


Characterized by close tol- 
erance burning voltages, 
very small voltage fluctua- 
tions, freedom from sudden 
large jumps throughout 
working current range, and 
long-term stability. 


TRIGGER TUBES 


Cold cathode tubes for 
particle counters and very 
low current stabilisers. 


ELECTROMETERS 


Triode and pentode octal 
and subminiature types for 
use with radiation moni- 
tors, photocells and other 
devices where a high input 
impedance is essential. 


PHOTOCELLS 


Vacuum and gas - filled 
photoelectric, and lead 
sulphide photoconductive 
types for light - activated 
relays and infra-red 
applications. 


SPECIAL QUALITY 
VALVES 


Special counterparts of 
popular types, designed 
and manufactured to with- 
stand shock and vibration 
and to provide extra all- 
round reliability. 


SEMI-CONDUCTOR 
DIODES & 
TRANSISTORS 


A range of germanium 
diodes and transistors for 
scaling circuits, very low 

wer H.T. generation and 
trigger circuits. 








Valves and Tubes 
for Nuclear Physics 


Among the valves and tubes in Mullard’s 
comprehensive range are many that are suited 
for the most specialised and complex appli- 
cations. Whatever your interest in electronic 
valves and tubes, your enquiries will be 
welcomed at the address below where full 
technical details and characteristic curves are 


available. 


MULLARD LTD., COMMUNICATIONS & INDUSTRIAL VALVE DEPT.. 
CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, WC.2 


MVTISS 


NUCLEAR POWER NOVEMBER 1956 








——- 


956 


Still in the Middle Ages? 





Or using Epikote Resins 





for structural protection? 


Epikote Resins, made by Shell, are now being used in surface 
coatings designed to combat corrosion of steel structures 
under the most arduous conditions. Epikote Resin based 
coatings are exceptionally resistant to chemical reagents 
including solvents. They have proved themselves effective 
against liquid and atmospheric contamination, even under 
conditions of high humidity. Wherever Epikote Resins are 
on guard maintenance costs are cut to a new low level. 
Your paint supplier will give you further details. 





SHELL CHEMICAL COMPANY LIMITED, 105/109 Strand, London, W.C.2. Tel: TEMple Bar 4455 EPIKOTE is a Registered Trade Mark. 
E.S.P.3 
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Control room of the 
power generating plant showing 
one of the two control boards 


manufactured by A.T. & E. Co. Ltd 


REMOTE Con reo. 


FOR CALDER 7. 


O € Switchgear associated with the Calder ‘A’ generating station is 
O- eo ee) remotely controlled from a central point by means of a system 
si ea of direct wire control designed and manufactured by Automatic 

-@ =O 


~ Telephone & Electric Co. Ltd. A similar system is in course of 
O-@-O-O 
t _ manufacture for Calder ‘B’. 


The equipment provides the following facilities :— 
Remote control and indication of circuit breakers 
Indication of bus bar isolators 

Remote instrument readings 


Indication of alarm conditions 


O 2 VY i 


Control and indication of 132kV transformer tap changes 


A.T.E. direct wire and supervisory remote control and indication equipments are 


supplied to electricity generation and distribution authorities throughout the world. 


AUTOMATIC TELEPHONE & ELECTRIC CO. LTD. 
aly) STROWGER HOUSE, ARUNDEL ST., LONDON, W.C.2 


STROWGER WORKS: LIVERPOOL 7 


See re <a 


AT4611-A 
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Valves for Britains first 
Nuclear Power Stations 








J. BLAKEBOROUGH & 


BRIGHOUSE 
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The 54 in. diameter cast steel motor-operated sluice valve illustrated here is one 
of a batch of 16 for the U.K. Atomic Energy Authority’s first nuclear power 
station at Calder Hall. Repeat orders received include 16 similar valves for 
Calder Hall ‘B’, and 32 for the second atomic power station at Chapel Cross. 
The valves are for handling reactor cooling gas, at temperatures up to 700°F. 
Our long experience in the production of valves for conventional power plants 
and other applications provides the best possible background for handling the 
exacting requirements of this new development, and we offer our full collabora- 


tion in meeting any special valve problems that may arise. 


SONS LIMITED 
ENGLAND 


BLAKEBOROUGH 





b1b500a 





THE WORLD-WIDE-FAMOUS 


ERHARD 
vA Lt ¥Y om 





known for their Design, Precision and Quality for more than 80 years. 


SOLVE ALL PROBLEMS . oh remy, 
‘eA 






























































JOHANNES ERHARD H.WALDENMAIER ERBEN 


Siddeutsche Armaturenfabrik, Heidenheim/ Brenz- Germany 
Telephone 3881 Cable: Erhardarmaturen 





For all information write to: 


The Sole Agents for the United Kingdom 


ALK. STARCK’S CO. LTD. 22, Chancery Lane London W.C. 2 


Telephone Holborn 2966 Cable: Akstar London 
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CALDER HALL 


THE WORLD’S FIRST FULL-SCALE ATOMIC POWER STATION 
The civil engineering and building work at Calder Hall 

is being carried out by Taylor Woodrow for the 

United Kingdom Atomic Energy Authority. 

FROM COMPLEX PLANS to vast, solid reality, the construction of Calder 
Hall has demanded skill and knowledge far beyond the ordinary. 
Taylor Woodrow’s wide experience, gathered year by year on major 
projects the world over, has abundantly qualified us to make 

our own specialised contribution to the Atomic Age. In step with 
the needs of a changing world, Taylor Woodrow’s activities are 


increasing. So, too, are the opportunities for all who work with us. 





5 Clients and consultants find that it saves 
\ ‘ time and money to call us into full collaboration 
t 4 at the very beginning of any scheme. 


10 PARK STREET - LONDON - W.!I - GROSVENOR 8871! 


UNITED KINGDOM - CANADA > EAST & WEST AFRICA > MIDDLE EAST > BURMA - AUSTRALIA 
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An unrivalled service to the 


nuclear era is provided by 


IN (NG TES VAN SLES FS’ g 
Cy O© tv 


ELECTRICAL & MECHANICAL ENGINEERS 








who have gained unique and vital know- 
ledge in their employment in the Nuclear 
Field from 1949 with the 


| Plutonium-producing military piles 
at Windscale 
| through : 



















b*'2 | The Diffusion Plant at Capenhurst 
eS to the present culmination in the 


| 

| World’s first commercial nuclear energy 
-—- Power Station at Calder Hall, Cumberland 
opened by H.M. THE QUEEN, !7th October. 














N.G. Bailey & Co. Ltd. have 
been continuouslyat workin 
providing electrical install 
ation services of all types 
for the Nuclear Energy Fac 
tories at Windscale Works 
and Capenhurst Workssince 
1949, and are proud to have 
carried out the electrica 
engineering services for 
lighting heating small 
power, control, instrumen 
tation and thermocouples 
for the Calder Hall “A” Nu 
ear Energy Power Station 
presentlyengaged 
’ ir servicesat the 
Hall B” Nuclear 

y Power Station 


N. G. BAILEY & CO. LTD. ELECTRICAL ENGINEERS, Burley Vale Works, Weaver St., Kirkstall Rd., Leeds 4. 
London Persian Gulf Manchester 
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DAVENPORT 





SPECIALISTS IN THE 
DESIGN AND 
CONSTRUCTION OF 


COOLING TOWERS 
SINCE [910 





THE DAVENPORT ENGINEERING CO., LTD., HARRIS STREET, BRADFORD, 1 
Telephone: Bradford 29361 
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Fielden Research Ltd. 


A research company was 
opened in Bangor, N. Wales, 
this year. 


In the U.S.A. 


The Fielden Instrument Divi- 
sion of Robertshaw-Fulton 
Control Co. was formed in 
1948 in Philadelphia, U.S.A. 


Two rooms of this Manchester 
building saw the foundation 
of Fielden Electronics in 1946. 
Today’s Wythenshawe factory 
is shown below. 


In Australia 


Fielden Electronics (Aust.) 
Pty. Ltd., was formed in Mel- 
bourne in 1948. 





amazing years 


Ten years to grow from two small rooms to a huge 
factory ... Ten years to pioneer and become 
the acknowledged leaders in electronic measurement 
and recording of physical variables . . . 


<a |e Mh 
a a mt 


A view of the present Test 
and Inspection Department. 


Assembly line at the 
Wythenshawe factory, which 
employs over 300. 


Throughout the world 


In thirty-six countries accre- 
dited agents handle Fielden 
products. 


Checking the high pressure 
transmitter units in one of 
the laboratories, 


28,000 engineers examined 


apparatus in this Mobile Jy et} 


Demonstration Unit during 
the past year. 


ee 
<n 


AUTOMATION 


FIELDEN ELECTRONICS LTD 
WYTHENSHAWE - MANCHESTER 
TEL.: WYTHENSHAWE 3251 


Branch Offices: 
London * Birmingham * Newcastle-upon-Tyne * Stockton-on-Tees 
Cardiff : Scotland — 3a St. Vincent Street, Edinburgh 3 








UCLEAR ENGINEERING cannot tolerate faulty 

design or ill-chosen materials. Every inch of a 

plant that houses such enormous energy has 

to be designed and constructed to highly critical specifications. 


That is why such contracts go only to the cream of industry. 


For this reason we at the Darlington Insulation Company are 
particularly proud to list, among our many major achievements, 
the honour of being the first insulation contractors to work on a 
British nuclear power station. 

The Calder Hall project involved a succession of new problems 
during construction, the testing nature of which was just another 
challenge successfully met by the skill of our engineers. 

Your insulation problems (whether heat, cold or sound) call for the 
same wide experience, the same awareness of new developments 


in engineering, as well as suitable materials of proven efficiency. 


A talk with one of our technical representatives will cost you no 
more than a letter or a ’phone call. The Darlington Group of 


Companies are always at your service and would be pleased to 


help you right away. Ring Newcastle 23666 and tell us your 
problem now. 


THE DARLINGTON INSULATION CO. LTD 
Head Office: 38 Great North Road, Newcastle upon Tyne 


Branch Offices at: London, Birmingham, Bolton, Bristol, Cardiff, Glasgow, Leicester, Sheffield 
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This issue of NUCLEAR POWER continues the des- 

cription of Calder Hall power station which com- 

menced last month. Details are given of the power 

pliant, instrumentation, control system and other 
aspects of the station. 
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We work for the 
New Age 


THE AGREEMENT between Mitchell Engineering Ltd of London and AMF Atomics 
Inc of New York, will undoubtedly have far-reaching effect in applying atomic 


power for the benefit of mankind. 


Created for the joint design and construction of nuclear power plant in the 
Commonwealth and other countries, it is private industry’s first international 
agreement in this field—and the logical outcome of Mitchell’s exceptionally 
wide experience over the past 35 years in all branches of engineering and 


electrical supply. 


MITCHELL COMPANIES — active in the atomic sphere since 1950—are at present engaged on three 


important contracts for the United Kingdom Atomic Energy Authority. 


AT CHAPELCROSS, Annan, Dumfriesshire, where work is beginning on one of Britain’s biggest atomic 
power stations, the Mitchell Construction Company are the main civil engineering contractors. 


AT CAPENHURST, near Chester, where work at the Authority’s diffusion plant is in progress, the same 
Company is building six cooling towers. Here, also, Mitchell Engineering Limited has been awarded a 
substantial contract for piping and plant installation. 


MITCHELL 





MITCHELL ENGINEERING LIMITED ONE BEDFORD SQUARE LONDON WCI 


MITCHELL CONSTRUCTION COMPANY WHARF WORKS PETERBOROUGH 





NUCLEAR POWER NOVEMBER 1956 











Nuclear Power 





NOVEMBER 1956 VOLUME | NUMBER VII 


After Calder 


ONE DAY LAST MONTH, marked by the simple ceremony at Calder Hall, Britain 
slipped into the lead in the race to obtain economic power from atomic fission. This is 
a cause for legitimate pride, but it must not blind us to realities. With limited design 
and production resources, we concentrated on the nuclear power reactor which posed the 
fewest problems. Calder Hall is the result of that policy, but it was built to the total ex- 
clusion of all other possible thermal reactors. 


In nuclear energy British industry has two tasks. These are to some extent complemen- 
tary, but in the main they are not, except in so far as they use the same basic theories and 
technologies. The first and most urgent is to provide for ourselves as quickly as possible 
a system of large base-load power stations capable of closing the coal gap. This is no 
mere prestige * kilowatt race.’ It is a race we must win in the next decade if we are 
to maintain, let alone increase, the standard of life of our people. 


Our domestic programme is at present defined by the White Paper of February 1955. 
This modest plan is quite inadequate to bridge the gap between consumption and pro- 
duction of indigenous fossil fuel, but it must be remembered that when it was drafted 
Calder Hall was barely rising from its foundations and some prudence was desirable. 
Nevertheless the plan has served a useful purpose in clarifying ideas and it has also led 
to the formation of a nuclear energy industry in this country. That the plan is soon to 
be completely redrafted is no longer in doubt and this was indicated quite clearly by 
Mr Butler at the Calder Hall opening. Already the four industrial groupings compet- 
ing for the initial ‘ electricity first’ stations have made immense forward strides with the 
basic Calder design and there is little doubt that, as a type, it still has ahead of it some 
years of useful development. Clearly, a new plan to close the coal gap in, say, ten years 
must be based on this type of reactor. This does not mean that other types should be 
neglected. On the contrary, they must be pushed on with all possible speed. But we 
cannot wait for them: our need is for power now and this the Calder type can supply. 


The second task for industry is one it has known for a century—and intimately for the 
last ten years. Many countries need nuclear power already and would be willing to buy 
suitable power reactors now if any fully-proven designs were available at an economic 
price. Unfortunately, although it is now proven, the Calder design is economic only in 
large sizes. It is in fact suitable only as a base load station for incorporation into exist- 
ing grid networks. Such conditions exist in developed countries, but there are many 
lands in which this is not so. 


What is needed for export is a small reactor with an electrical output of about 10-20 MW 
or even less which could be sent in pieces to almost any part of the world and which 
could supply current to a small, compact district. Such a plant would of course need 
enriched fuel and here is the crux of the problem. True, small natural uranium reactors 
could be built if heavy water were available (NPD is an example) but for us in Britain 
D,O is even more difficult than enriched fuel. Clearly, this problem must be resolved 
sooner or later and we believe the way to do it is to give industry more rein than it has 
been allowed up till now. At the Calder opening, AEA chairman Sir Edwin Plowden 
implied that that would now in fact be done. 


Nuclear energy is of course potentially a very dangerous business and even after a satis- 
factory international control is set up there will have to be some supervision of nuclear 
activities if only to protect the workers and the public. Nevertheless, recognising that 
certain restrictions must remain, some liberalisation could be done now. In particular, as 
long as the Government holds a complete fuel monopoly it is important that firms should 
be told exactly what fuel they can have, when they can have it and how much it will 
cost them. This would enable design work on advanced reactors to go ahead on a realistic 
basis. Naturally, Government inspection would be necessary at all stages but this need 
not be unduly restrictive, and there are good precedents for it in the aircraft industry. 
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the future unfolds at Calder Hall. When the seeds 
were sown four years ago, C. A. Parsons & Co. Ltd., 
. who had been given the task of building special gas 
circulating plant necessary to harness atomic power, 


consulted Shell about lubrication. As a result of experimental work carried out at 
their Thornton Research Centre, Shell were able to provide a lubricant to satisfy 
the special conditions involved. 

By building their own source of radiation at Thornton, Shell have also been able 
to develop entirely new lubricants which are resistant to radiation and have many 
other unusual and complex characteristics. At the threshold of the atomic age 
Shell once again give leadership in lubrication. You can be sure of Shell. 





FROM CALDER HALL 


as THE LUBRICATION 


LEADERSHIP IN LUBRICATION 


| 
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NUCLEAR POWER IS HERE 


The Queen ‘makes history’ 


CALDER HALL OPENED 


At 12.19 p.m. on Wednesday October 17th 1956, current from 
Calder Hall power station was switched into the 132kV grid of the 
Central Electricity Authority, and an enormous kWh meter mounted 


over the administration block began to rotate. 


Her Majesty The 


Queen had just finished speaking and had tripped a small lever on 


the dais. 
power arrived. 

Earlier, her Majesty had had the 
working of the station explained to 
her with the aid of models and dia- 
grams by R. V. Moore, GC, who 
was largely responsible for the de- 
sign of the plant and she was then 
escorted over the station by the 
Works Manager H. G. 


Davey. Her itinerary included the 


General 


control deck of no 1 reactor, the 
fuel 


the burst cartridge detection gear 


element preparation room, 
room, the control room, the * long’ 
blower house and the turbine hall. 
During her tour, several presenta- 
tions were made and rather than 
ballot this 


agreed that the men whose shift of 


for honour, it was 
duty happened to coincide with 
her Majesty’s visit would be the 
Afterwards, 
the Queen accompanied by Lord 
Privy Seal, Mr R. A. Butler, 
UKAEA Chairman Sir Edwin 


Plowden and other distinguished 


ones to be presented. 


staff and guests made their way to 
a small dais on a lawn outside the 
station in full view of a grandstand 
full of guests and AEA staff. The 
general public were also admitted 
to a special enclosure. 


All nuclear after 1965? 

Speaking in place of Britain’s minister 
responsible for atomic energy Lord 
President of the Council, The Marquess 
of Salisbury, who was indisposed, Mr 
R. A. Butler said that in years to come 
many power stations would be built in 
this country and overseas, But to Calder 
Hall would always belong the pride of 
having been the first station anywhere in 
the world to produce electricity from 
atomic energy on a full industrial scale. 
Possibly foreshadowing a revised British 
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And so, on a brilliant but windy autumn day nuclear 


programme, Mr Butler said it might be 
that soon after 1965 every new power 
By 1975, he 
went on, the total output from atomic 
stations would certainly be more than— 
it might be double—the output 
of all to-day’s power stations together. 

Calder Hall showed, continued Mr 
Butler, that electricity can be produced 
by burning uranium in nuclear reactors. 
We must remain among the leaders of 
the vast prosperity which can be won 
in the way we are striving to achieve to- 
day. This was only a beginning and we 
were already planning and working for 
the developments that lie ahead. 


station would be nuclear. 


even 


Birth of new industry 
Following Mr Butler, Sir Edwin Plow- 


den thanked The Queen for consenting to 


open the station and said that although | 


one day they would look back on it with 
the feeling we now have for the first 
steam engine and the first aircraft, future 
achievements would detract from 
first great practical step forward. 
Sir Edwin referred to industry’s part in 
the future and said that the AEA would 


not 
this 


remain a pioneering body. “It is in- 
dustry,” he went on, “that will be 
responsible for the developing and 


building of atomic power stations for the 
electricity authorities at home 
abroad. 
a new industry. If we follow up this 
first success with vigour and determina- 
tion our country and the world will be 
assured of a 


and 


tions to come.” 

Sir Edwin disclosed that in about a 
month’s time the Authority were to open 
a Reactor Operations School at Calder 
Hall and that this would eventually take 
from Britain and abroad about a hundred 
students a year. 

The AEA chairman concluded by ask- 
ing Her Majesty to open the station. 


The Queen’s speech, next page 
Pictures, page 300 


To-day we see the birth of | 


source of power which | 
will be inexhaustible for many genera- | 





Performance better 


than expected 


NOT FULL OUT YET 


On a Press to Calder Hall 
days before the opening, it was noticed 
that the power level of No 1 reactor was 
then about 140MW thermal. Access to 
the turbine control room was not per- 
mitted, but it was understood that with 
two turboalternators on the bars, some 
283MW being delivered at that 
time. At a press conference, Mr H. G. 
Davey and Mr K. L. Stretch, Calder 
Works Manager, explained that when the 
Queen tripped the lever, some 10MW 
would be delivered to the Workington 
and Whitehaven areas. The exact amount 
would of course depend on the demand 
at the time. 


visit two 


were 


In answer to a question, 
Mr. Davey confirmed that the total ancil- 
lary power requirement per reactor at 
the full rated output would be between 
8 and 1OMW. This agrees well with the 
figure as forecast in NUCLEAR POWER 
(October p 258). 


Spare reactivity 

that the reactor had _ been 
overheating were quite untrue, said Mr 
Davey, and the pile had in fact proved 
better in performance than theory had 
indicated. Spare reactivity was even 
more than was hoped for. It was true 
that carbon dioxide was being lost at the 
rate of about a ton a day. This had al- 
ready been brought down from about four 
tons, but although the activity produced 
in the leakage gas was below tolerance 
level, steps were to be taken to reduce 
leakage even further. It should also be 
noted that the daily throughput of gas is 
over 250,000 tons a day. In the next few 
weeks, supply of electricity to the grid 


Reports 


will not be very regular, for it is 
planned to close down the reactor for 
minor adjustments. When these are 


done, it will be gradually worked up to 
its full output of about 220MW thermal. 
Reactor 2 is practically ready for loading 
and criticality trials are expected to com- 
mence in December. 

In answer to a question, Mr R.' V. 
Moore said that the turbines were at 
present bladed to deliver 21MW at the 
maximum efficiency __ point. Blading 
modifications, which they might do dur- 
ing a routine stripdown, could raise the 
figure to 23MW. 





The colour plate overleaf shows 
how fresh fuel elements are 
delivered to the Calder Hall 
reactors in steel boxes, each 
containing three cartridges. The 
total amount on this trolley will 
release heat equivalent to 3,750 
tons of coal. Behind, no 2 
reactor is nearly complete 
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TODAY, as power from Calder Hall begins to flow into the national grid, all of 
us here know that we are present at the making of history. 
For many years now we have been aware that atomic scientists, by a series of 
brilliant discoveries, have brought us to the threshold of a new age. We have 
also known that on that threshold mankind has reached a point of crisis. To- 
day we are, in a sense, seeing a solution of that crisis as this new power, which 
has proved itself to be such a terrifying weapon of destruction, is harnessed 
for the first time for the common good of our community. 

In this turbulent century we have seen one technical revolution succeed 
another with astonishing speed. Within the span of a few generations our 
way of life has been transformed beyond anything our forefathers could have 
imagined. The age of steam was succeeded by an age of such startling achieve- 
ment that we, who are close to it, can hardly realize that so short a period en- 
compassed the invention of the motor car, the wireless set, the aeroplane and 
much else besides, which we now take for granted. So quickly have we learnt 
to accept the pace of modern development that we have been in danger of 
losing our sense of wonder. 


That sense has been dramatically restored by the advent of the atomic age. 
We have been made vividly aware that the physical world, in which the great 
adventure of human life is lived, is of a complexity which must inspire in us 
a sense of awe. More than that ; in the atom, man has discovered vast powers 
and ways to control them, and their tremendous possibilities for good or evil 
must fill us with a sense of humility. As new fields open before us, we become 
conscious that a grave responsibility is placed upon all of us to see that man 
adds as much to his stature by the application of this new power as he has by 
its discovery. 

Future generations will judge us, above all else, by the way in which we use 
these limitless opportunities which Providence has given us and to which we 
have unlocked the door. They offer us, as we have heard today, a vital and 
timely addition to the industrial resources of our nation and to our material 
welfare. But above all we have something new to offer to the peoples of the 
undeveloped and less fortunate areas of the world, who will continue to look 
to us for assistance and example as they have done in the past. 


That, to me, is the real importance of today’s ceremony. For centuries past 
visionary ideals and practical methods which have gone from our shores have 
opened up new ways of thought and modes of life for people in all parts of the 
world. It may well prove to have been among the greatest of our contribu- 
tions to human welfare that we led the way in demonstrating the peaceful 
uses of this new source of power. 


I congratulate all those who have shared in this fine project—both those who 
conceived and planned the industrial application of atomic energy in this way, 
and those who have worked to see their plans fulfilled. I hope this occasion 
will be an inspiration and encouragement to all who will continue this exciting 
enterprise, here and elsewhere. 


It is with pride that I now open Calder Hall, Britain’s first atomic power 
station. 


H.M. Queen Elizabeth II October 17th, 1956 
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Instruments by K 
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complete the Calder Hall picture 





Calder Hall. The No. 1 reactor control room, showing the control desk 


and KENT 


With the opening by H.M. The Queen of the first large- 
scale nuclear power station on earth at Calder Hall, 
Britain proudly demonstrates an ascendancy in a new 
world industry. 

KENT takes equal pride in having been intimately associ- 
ated with every major post-war nuclear development. 
From the earliest Harwell experiments to the latest 
power stations at Calder Hall and Chapelcross, the 
design, supply and installation of measuring instruments 
and control panels have been largely entrusted to KENT. 


KENT | 


INSTRUMENTATION 











MASTERS OF 


instrumentation (courtesy UK 


{romic Enerey {uthority) 


Instruments supplied include thousands of KENT Multe- 
lec recorders for the measurement and control of radio- 
activity, reactor power level, pH, conductivity, B.t.u. 
and temperature; KENT flow recorders and draught 
gauges for the measurement of air, steam and gas; and 
hundreds of complete control panels. 

The valuable experience thus gained, added to substan- 
tial participation by KENT in closely allied industries 
such as steam generation, places the Company in the 
strongest possible position to contract for the engineer- 
ing and building of instrumentation for all nuclear- 
power projects. 

Whatever the future may hold for this great industry, 
KENT is destined—and qualified—to play a leading part 
in it. As and when entirely new types of instruments 
become necessary, KENT, with its unrivalled resources of 
knowledge and experience, is equipped to produce them. 


Write for Publication, ‘““Control of Variables in World Industry,” to Atomic Energy Contracts Dept., Luton 
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ontributed in amounts large and small to the building of Calder Hall power station. 
ut any one, for throughout they worked as a team. 


MEN OF CALDER, 


‘any thousands of men, both from the United Kingdom Atomic Energy Authority and from British industry, 


It would be wrong to single 
Nevertheless, NUCLEAR POWER is proud to record the 


ontributions of some of the leading scientists and engineers of the Authority from the Industrial and Research Group. 


Atomic 
Energy 
Research 
Establishment 
Harwell 





MR B. L, 
formerly Deputy Chief Engineer. 
Responsible for supervision of 
feasibility study 


GOODLET, OBE, 


Industrial 
Group 
Risley 





MR R. V. MOORE, GC, Assis- 
tant Director, Civil Reactors. 
Was concerned at Harwell with 
the early studies on power 
producing reactors. During a 
long period of illness of Mr 
Cunningham, he took charge of 
the project. 





MR D. W. COLE, Deputy Dir- 
ector of Operations, Engineer- 
ing. Is responsible under Mr 
Ross particularly for the engin- 
eering side of the factories 
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SIR JOHN COCKCROFT, KCB, 
CBE, FRS, Director, Atomic 
Energy Research Establishment 


dE 


MR C. A. RENNIE, formerly 
— Head of Reactor Phy- 
sics ivision. Responsible for 
theoretical physics advice on 
reactor design 





SIR CHRISTOPHER HINTON, 
FRS, Managing Director, Indus- 
trial Group. Overall respon- 
sibility for design, construction 
and operation 





MR T. L. VINEY, Deputy Dir- 
ector, Works and Buildings. 
Responsible for the architec- 
tural aspects of the design and 
recently for all construction 
work 





MR H. G. DAVEY, Works Gen- 
eral Manager, Northern Area, 
has charge of the factories at 
Windscale, Calder Hall and 
Chapelcross 
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_design 





DR J. V. DUNWORTH, CBE, 
Head of Reactor Division 





DR R. SPENCE, CB, Chief 
Chemist. Responsible for co- 
ordination of basic chemical 
studies involved in reactor 





MR W. L. OWEN, CBE, Dir- 
ector of Engineering. Respon- 
sible for the overall design and 
construction under Sir Christo- 
pher Hinton 





MR €. L. ASHLEY, Chief 
Engineer, Construction. Since 
1954 he has had the res- 
ponsibility for liaison between 
design and construction staff 





MR K. L. STRETCH, Works 
Manager, Calder Hall. Is res- 
ponsible to Mr Davey for the 
commissioning and operation of 
the plant. 








DOR H. M. FINNISTON, Chief 
Metallurgist. Responsible for 
basic work on fuel element 
design 





DR D. TAYLOR, Head of Elec- 
tronics Division. Responsible 
for development and production 
of nuclear instruments for re- 
actor control 








MR P. T. FLETCHER, Deputy 
Director, Engineering. Mr 
Owen’s Deputy. He has, for 
some time, acted as Chairman 
of the Progress Meetings held 
monthly to review construction 





MR Jj. D. GLANVILLE, OBE, 
Chief Engineer, Inspection and 
Progress. Responsible for the 
inspection of equipment and 
ensuring that it was delivered 
to site in conformity with the 
programme 





MR L. ROTHERHAM, Director 
of Research and Development. 
Is responsible for all research 
and development work carried 
out in the Industrial Group 








DR P. FORTESCUE, formerly 
in charge of the Engineering 
Laboratory. Responsible for 
basic work on heat transfer 
problems in reactor design 





MR H. TONGUE, CBE, formerly 
Chief Engineer 





MR J. B. W. CUNNINGHAM, 
Deputy Director, Reactors. 
Was, for a considerable period, 
in charge of the design office 
which designed the Calder Hall 
plant 





MR K. B. ROSS, Director of 
Operations. Has overall res- 
ponsibility for all factories 





MRL. GRAINGER, Chief 
Metallurgist. Was until recently 
in charge of the laboratory in 
which the development work 
on fuel elements for Calder 
Hall was carried out 
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CALDER HALL 


Two-pressure steam and dump 
condensers give efficiency plus 


flexibility 


THE POWER PLANT 


THE TURBINE HALL is a rectangular steel-framed 
building 242 ft long by 119 ft 6 in. wide, clad with 
asbestos cement panels and patent glazing. It con- 
tains four turboalternator sets by C. A. Parsons & 
Co Ltd, Neweastle upon Tyne. The sets are arranged 
on mass concrete foundations in side by side forma- 
tion on the first floor level, the condensers etc. being 
at ground level. The turbines and alternators are on 
separate blocks with the condensers between. The 
volumes are 175 and 125 cu yd respectively and the 
blocks were each poured in one day. Telephones were 
used between the men working vibrators within the 
shuttering and those feeding concrete through flexible 
piping to ensure complete coordination. The hall 
is spanned by a 60-ton travelling gantry crane with 
a 12-ton auxiliary hook, by the Wharton Crane and 
Hoist Co Ltd. The lighting installation in the turbine 
hall, and in fact throughout the station, was carried 
out by N. G. Bailey & Co Ltd. 

The maximum efficiency of the turbines is obtained 
at an MCR of 21MW, but minor blading modifications 
will permit this to be increased to 23MW. 

The turbines are two-cylinder tandem machines 
comprising a single-flow high-pressure turbine and a 
double-flow low-pressure one, the two sections being 
solid coupled. There are two steam chests on opposite 
sides of the h.p. cylinder each with an emergency 






stop-valve and governor-valve. The h.p. and L.p. steam 
is received at both ends of the hall from the two 
reactors and is fully cross-connected by four h.p. and 
four I.p. manifolds on the ground floor level ; one of 
each being located opposite each set. The steam mains 
are all Zin. thick, 16in. diameter carbon steel, fabri- 
cated and installed by Aiton and Co Ltd. Bellows 
expansion joints are extensively used. 

The h.p. steam is supplied to the turbine at 200 
lb/sq in. abs and 590°F. The first 15 stages, which have 
shrouded blades, carry h.p. steam only (77 per cent 
of the total mass flow of 257,300 lb/h). This expan- 
sion leaves the steam in approximately the same con- 
dition as the Lp. supply (53 lb/sq in, 340°F) which 
enters at this point from the |.p. chest. Seven further 
stages of unshrouded blades now carry the whole 100 
per cent to the end of the h.p. cylinder and the steam 
is then taken to the L.p. cylinder through twin transfer 
pipes, lagged and cased in hammered aluminium. The 
low pressure turbine is a double flow machine which 
provides a liberal exhaust area with a relatively low 
blade tip speed. Throughout, the blading is of the 
all-reaction type: it is in stainless iron, the last two 
l.p. rings having stellited edges. The turbine and 
alternator shafts are forgings by Thos. Firth and John 
Brown Ltd, of Sheffield, who also supplied the runa- 
way stop valves, governor valves and other parts. 


CABLE METIZANINE 


ADMINISTRATION BLOCK & WORKSHOPS 


Cross section of turbine hall shows: A surge and storage tanks; B demineralisation plant; C l.p. steam 
control valve; D l.p. steam dump valve; E h.p. steam dump valve; F primary desuperheater panel; 

G turbine gauge board; H main deaerator vessel; J 60-ton crane. 12-ton auxiliary hook; K oil 
purifier; L steam chest; M oil coolers; N cooling water outlet mains; P cooling water inlet mains; 

Q condenser; R 23MW turboalternator; S main field suppression switch; T field regulator; 

U alternator air coolers; V alternator air fan motor; W 415V distribution board. Turbine auxiliaries: 
X 415V and 3.3kV switchgear; Y 30MVA reactor. Station auxiliaries; Z control board and desk 
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From reactor no I, h.p. and l.p. steam mains are carried on a pipe bridge to the turbine 
hall. The two black vertical pipes to the left on the hall 
are from the relief valves through which steam can be discharged in an emergency 


Early design studies of the steam cycle proposed a 
different arrangement of heat exchangers to that 
finally adopted. It was then intended to have the 
l.p. superheater at the top of the tower and to super- 
heat the l.p. steam to the full h.p. superheat tempera- 
ture. The l.p. steam entering the turbine would then 
have had the effect of reheating the partially ex- 
panded h.p. steam and so improving the exhaust con- 
ditions. However, it was considered undesirable to 
introduce high temperature steam at an intermediate 
stage in the turbine owing to the risk of thermal 
shock and so the present arrangement was adopted 
in which the Lp. steam enters with conditions the 
same as the h.p. steam at that stage. The final dry- 
ness fraction is about 88.3 per cent (NP. Oct. p 257). 

The h.p. and Lp. governor valves, emergency stop 
valves, and the steam pressure regulator are operated 
by power oil supplied by a gear-type oil pump 
mounted on a cross-shaft driven by worm gearing 
from the steam end of the h.p. turbine shaft. A lubri- 
cating oil pump supplying oil to the oil coolers and 
bearings is mounted on the same shaft, and the oil is 
continuously 
purifiers. 


treated in Hopkinson centrifugal 
The condensers are of normal Parsons design with 
two halves and three passes. The total surface is 
$2,500 sq ft and the 1 in. diameter holes are ex- 
panded into the tube plate at one end and sealed off 
with metallic packing and ferrules at the other. The 
design vacuum is 28.25 in. on a 30 in. barometer. 


When the high pressure steam has expanded to 

53 Ib/sq in. at the 15th stage in the h.p. rotor, it is 
joined by low pressure steam for a further seven 
stages. Taken during turbine erection this view 
shows the change of blading 
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Since the heat output from the reactors cannot be 
controlled quickly—indeed, heat continues to be 
evolved long after the shut-down rods are in—means 
have to be provided to absorb the output when the 
sets are out or on reduced load. Under these condi- 
tions, the steam from the heat exchangers is passed to 
a pair of dump condensers—one at each end of the 
turbine hall. Each of these can carry the whole steam 
output from one reactor and are twin-shell units. 
Before passing into the dump condensers, the steam 
is passed through primary desuperheaters using 
thermostatically controlled nozzles which lower the 
temperature to about 300°F. The desuperheater con- 
trol cubicles on the turbine floor contain both mech- 
anically-operated 8-ways spray control valves and, for 
fine control, electrically-operated 2-way spray control 
valves, supplied by Hopkinsons Ltd. Secondary 
desuperheaters located in the top chamber of 
the reduce the steam temperature to 
saturation. Condensate from the dump condenser is 


condensers 





Twin vertical centrifugal pumps extract condensate from one of the four turbine condensers 


first passed through a dump cooler before joining the 
boiler feed circuit. 

When steam dumping is being done normally, the 
dump condenser circulating water pumps and extrac- 
tion pumps are running and control is obtained from 
oil-operated valves connected to the pressure regula- 
tors and governors. If the output is all being used 
and through some fault condition it becomes neces- 
sary to dump steam, Hopkinson dead-weight relief 
valve set at 10 lb/in, located just downstream of the 
primary desuperheaters discharge the output to the 
atmosphere through pipes going vertically through 
the turbine hall roof. 


tahoe 


we wre ery 


On leaving the condenser extraction pumps, the 
condensate is passed to an air-ejector condenser with 
a line to the top of the main condenser through which 
most of the air is The condensate then 
passes to a deaerator storage tank and through a Hick 
Hargreaves deaerator the vapour from which is con- 
densed in a vapour condenser and the air removed by 
a steam-actuated air-ejector. An 


removed. 


extraction pump 
clears the deaerator and passes the air-free feed water 
through a feed-cooler, in which the temperature is 
finally adjusted, to a battery of eight Mather and 
Platt multi-stage d.c. boiler feed pumps. Separate 
rectangular steel surge tanks are installed for each 
turbine set. These are located on the turbine floor 
and communicate with the deaerator storage tanks. 

Before entering the mixed economizer section of 
the heat exchangers, the feed mains divide into sep- 
arate h.p. and |.p. sections each of which incorporate 
a Weir automatic feed water regulator. 

Forced circulation is maintained in the boilers, the 
flow being about four times the steam mass flow. 
There are separate circulation pumps for the h.p. and 
l.p. sections, the pumps being located in separate 
pumphouses, one under each boiler. The high-pres- 
sure circulation is by Hayward Tyler glandless pumps 
(NUCLEAR POWER October, p 259) and the low 
pressure by Mather & Platt pumps. For normal opera- 
tion, one of each type is in use but in all eases they 
are duplicated by a standby unit. 

Owing to the severe consequences of any scaling 
troubles in the heat exchanger elements a very high 


Secondary desuperheating is provided to ensure 
that the steam is fully saturated before it enters 
the dump condenser. This is done by further 
sprays in a chamber before the condenser inlet 
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Steam is distributed to the turbines through a number of cross-connected steam 
manifolds (left). Across the aisle, one of the four deaerators and its storage tank 


standard of treatment is needed for the feed water 
make-up. Raw water is obtained from Wastwater, a 
large lake about 8 miles away to the east. After pass- 
ing through a Permutit ion-exchange deminerializa- 
tion plant, the water is deaerated and then fed into 
the boiler feed circuit. 

A closed circuit cooling water system is used for 
the condenser circulating water. The condenser inlet 
and outlet mains run in a trench below the ground 
floor level in the turbine hall. There are two natural- 


A 
—— 


> 


i? 








remove air from the condensate 


draught cooling towers of the hyperbolic reinforced 
concrete type situated on the station axis to the south 
of no 1 reactor building. Two basins are used in each 
tower, with half-basin capacities of 687,800 gallons. 
The two towers feed into a common suction basin at 
the pump house, with dam boards for partical shut 
down. Five 640 hp pumps are available for circu- 
lating the water, four normally being in use. The 
towers are 290 ft high above the sill, 200 ft diameter 
at the ring beam and 104 ft at the throat. Water is 
received at 85°F and dropped to about 70°F under 
design conditions, 47°F wet built, 52°F dry bulb (60 
per cent humidity). The capacity of each tower is 
3 million gallons an hour. 

Construction was carried out in 3 ft lifts and a rate 
of a lift a day was reached and maintained. Work was 
carried out from an internal scaffolding of prefabri- 
cated steel and as it progressed upwards in the first 
tower, the upper sections were suspended from the 
steel to release the lower part for use in starting the 
tower. The Mouchel & 
Partners Ltd were responsible for the design of the 
towers, construction being by Taylor Woodrow Ltd. 


second consultants, L. G. 


Before steam is dumped the superheat must be 
removed. This is done by spraying it with water 

as it passes on its way to the condenser, automatic 
temperature control being provided 
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Rod drives operate 
completely inside pressure 
vessel: vertical layout 
provides gravity shut-down 


CONTROL ROD ACTUATORS 


THE CONTROL ROD SYSTEM was developed by 
Metropolitan-\ ickers Electrical Co Ltd for the 
UKAEA over a period of several years, and provides 
failure-to-safety under all conditions, consistent with 
maximum reliability of operation 

The GB27 
which were supplied for each of the two piles, com- 
bine the functions of control and shut-off. Vertical 
operation of the rods permits the use of gravity for 
shut-off. Controlled braking is used so that a high 
launching speed combined with slow touchdown is 
attained. 


Type actuating mechanisms, 60 of 


Each unit is contained in a steel casting and is 
designed to work within the gas circuit at 100 lb/sq 
in., the only connection with the outside being elee- 
trical leads, which are taken through glass-to-metal 
seals. Severe space limitations and virtual impossi- 
bility of maintenance were important factors in the 
design of the actuators. 








The control rod assembly weighs 130 lb with an 
operational travel of 21 ft, and is suspended by a 
special low-cobalt flexible stainless steel cable edge- 
wound on a narrow drum between side cheeks spaced 
one cable diameter apart. 

Due to the absence of oxygen or water vapour under 
operating conditions, oils, greases and graphite are 
ineffective as lubricants and, following extensive re- 
search, a dry lubricant in the form of molybdenum 
disulphide (MoS,) is used in all moving parts. 

The system provides for the operation of the actu- 
ators in two groups: 

1 Coarse 


2 Fine 


up to 60 actuating mechanisms. 
up to 4 actuating mechanisms. 

For Coarse operation three control rod speeds are 
available : 

1 In (Fast) 50 in./min maximum 
In (Normal) 5 in./min maximum 


>) 
3 Out (Normal) 0.5 in./min maximum 





Sixty totally-enclosed 
drive units mounted in 
the charge tubes raise 
and lower the control and 
The 
lighter coloured units are 
ion probes. A heavily 
shielded discharge 
machine is in the 
background: further 
back is a group of fuel 
rod magazines. Object 
in centre of group is 
portable airfan used 
while work is in 

progress 


shut-down rods. 
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With all the rods moving together the ‘ out’ speed 
limits the maximum rate of increase of reactivity to 
2 x 10—° per cent/second. 

For Fine manual control an approximate maximum 
‘in’ and ‘out’ rod speed of 50 in./min is possible. 
During the period of commissioning only, fast speeds 
‘in’ and ‘ out’ are made available by the incorpora- 
tion of special test equipment. 

The shut-off performance of each rod is : 

| Initial acceleration, not less than 2 ft/sec’ 

2 Maximum speed, 4 ft/sec 

3 A travel of 18 ft 6 in. in a time not greater 

than 5 seconds 

t Touchdown speed, not greater than 6 in./sec 

The driving motor is of the synchronous variable- 
reluctance type. It has a three phase wound stator— 
class “H’ insulated—and an unwound rotor. This 
met the following requirements : 

| Synehronous operation 

2 Positive holding torque at standstill 

3 No brushgear in order to give greater reliability 

1 High torque-to-volume ratio 

5 Capable of working in an ambient temperature 

up to 100°C 

6 Capable of running at iow speed so that a small 

gear ratio could be employed to permit back 
driving by the rod during shut-off 


Fully controlled fall 

A solenoid clutch between the motor shaft and the 
remainder of the mechanism disengages the rotor 
from the system, thereby reducing the inertia to be 
accelerated during shut-off. The clutch is operated 
by six solenoids energised from the same supply as 
the motor. Should the rotor fail to be disengaged 
when the supply is opened, a shut-off action still 
results due to the de-energised motor being back 
driven. If there is loss of drive, an emergency 
winding handle can be attached which mechanically 
engages the clutch. 

To give the rod a controlled fall, an eddy current 
brake is fitted, consisting of two sets of permanent 
magnets with alternate N and § poles and a copper- 
clad steel dise rotating in the air gap between the 
magnets. The braking torque on the dise is con- 
trolled by varying the air gap magnetic flux with a 
magnetic shunt mechanically operated from a cam. 
The correct rate of fall under shut-off conditions is 
programmed by the profile of the cam. The perform- 
ance of friction brakes was considered too uncertain 
and permanent magnets were chosen to make the 
operation independent of electrical supplies. 


Tests under working conditions 

Drive from the motor is via single-stage spur gear- 
ing and right-angled bevel gears, giving a total reduc- 
tion of 20:1. Rod position indication is provided by 
a transmitter magslip driven by a gear train from 
a cable-driven measuring wheel. A_ lever-operated 
switch with a ‘follower’ wheel on the winding cable 
detects ‘no-tension’. This switch is used in conjunc- 
tion with a second switch operated by the magnet 
shunt control cam to detect ‘ overrun or lost rod’. The 
second switch is also used to check that the cam 
is correctly set. 
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hand winding clutch 





synchronous control motor——__, | 











solenoids clutch 
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permanent magnets 





eddy current brake disc 
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winding gear train 


winding drum 


transmitter 
magslip 





Cranage E 
“no-tension” 
switch 


magslip gear train 





measuring wheel 








winding cable 4H 


Rods are hoisted by a variable-frequency 
synchronous motor through gear trains. An 
eddy-current brake and solenoid clutch give 
controlled gravity shut-down 
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Frequency and phase control 
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Final test on actuators at the works completely 
simulated reactor heat and pressure conditions 


After tests had been completed on individual com- 
ponents, endurance tests were carried out on two actu- 
ating mechanisms in an atmosphere of pure dry CO, 















rod speed and direction 


with hot more than 0.01 per cent by volume O, im- 
purity at a pressure of 100 lb/sq in. The actuators were 
seated on test pressure vessels and lagged to simulate 
the thermal effects of the biological shield with heat- 
ing equivalent to the heat flow up a charge tube. 
The units were run for successive tests at the highest 
rod speed of 50 in./min and reversed automatically at 
the top and bottom of the rod travel. The following 
main points were studied :—wearing properties of 
MoS, treated gears and bearings, temperature rises, 
effects of thermal cycling, and the functional opera- 
tion of components. Special measuring techniques 
were developed to obtain this information without 
opening up the actuating mechanism. 


Coarse and fine 

The control rods are raised and lowered by the 
variation in frequency and phase sequence of the 
three phase a.c. supplies to the actuator drive motors. 
A range of frequencies 0 to 1.3 c/s with a constant 
voltage of 40V r.m.s. is employed. The zero fre- 
quency condition is used for ‘holding’ the rods. 

* Coarse’ and * fine’ control supplies to any of the 
units are selected by means of changeover switches 
mounted in distribution cubicles. These switches are 
connected to the main and auxiliary busbars to which 
are fed ‘ coarse’ and ‘ fine’ supplies respectively. 

The coarse supply is generated by two (one stand- 
by) frequeney convertor sets controlled from a 
machine operator's control desk. Position control of 
the ‘ coarse’ rods ‘en bloc’ is provided by a control 
switch and magslip indicator giving rod travel which 
is transmitted from the frequency convertor set. 

‘Fine’ control supplies are provided by two sine- 
potentiometers mounted in cubicles. These are basi- 
cally resistors, chain-fed by d.c. and tapped to give 
sinusoidal distribution of potential. The tapping 
points are taken out to studs on a faceplate from 
which three sets of brushes pick off an output three- 
phase supply at a frequency equal to the rate of 
rotation of the brushes. Position control of the 
‘fine’ rods is carried out at the reactor control desk 
by means of manual drives to the sine-potentiometers. 
Rod travel is given by ‘M’° type indicators operating 
from the outputs of the sine-potentiometers. 


How frequency is varied 

Each frequency convertor set consists of a 37.5 h.p. 
induction driving motor, a 22kVA salient pole a.c. 
generator; a differential gearbox and a 19.4kVA 
frequency convertor mounted in line on a common 
bedplate. The motor delivers full-load torque even 
if the terminal voltage falls to 50 per cent of its 
normal value and the generator is excited from the 
50V station battery. This enables the set to maintain 
its output for the maximum time after a fault in the 
415V a.c. supply. 

The frequency convertor has no stator winding, is 
rotor fed and gives a three-phase output of 40V r.m.s. 
with frequencies 0 to 1.3 c/s. Input from the a.c. 
generator is taken to the rotor through six sliprings 
and a three-phase output is taken from brush arms 
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415v 36 SOCpS 
set number 1 


Simplified, this circuit shows how fine and coarse 


arranged around the commutators. The power (only 
friction and windage losses) is supplied by the induc- 
tion motor through the differential gearbox. If the in- 
put and output shafts of the gearbox are rotating at the 
same speed, the frequency convertor is running in syn- 
chronism with the a.c. generator and the output derived 
from its commutator is of zero frequency. The values 
of current drawn from the three output brushes will 
depend on the positional relationship between the 
rotors of the two machines. If a decrement of speed 
is fed into the differential gearbox through its pilot 
motor section (described later) the frequency con- 
vertor runs sub-synchrenously with respect to the a.c. 
generator and a three-phase supply can be drawn 
from its commutator of frequency corresponding to 
the difference in rotational speeds of the two 
machines. If an increment of speed is fed into the 
gearbox the frequency to the a.c. generator; again a 
three phase supply will be available at its commuta- 
tor with a frequency corresponding to the differ- 
ence in rotational speeds of the machines but 
having a phase sequence which is the reverse of 
that obtained with sub-synchronous running. The 
output voltage is independent of the frequency con- 
vertor speed and is determined purely by the a.c. 
generator excitation. 


Failure to safety 

The system is designed to move the rods ‘in’ when 
the frequency convertor is running sub-synchronously 
so that in the event of a failure of drive to the fre- 
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415v 36 50CpS 
set number 2 


control is provided to two actuators 


quency convertor the system will fail to safety by 
moving the rods ‘ in’. 

Any normal three-phase relationship between the 
zero frequency voltages at the frequency convertor 
output terminals can be achieved when the machine 
is running synchronously by operating the differen- 
tial gearbox to bring the rotors of the a.c. generator 
and frequency convertor into the correct relative 
position; this relationship is partly dependent on the 


load. 


Interlocks ensure paralleling 

The differential section of the gearbox is of the sun- 
and-planet epicyclic type. Drive to the third member 
of the differential is through an irreversible worm 
from a small pilot motor via one of three perman- 
ently meshed gear ratios selected by individual elec- 
tromagnetic disc clutches having stationary windings. 
An electromagnetic brake is applied to the third 
member shaft when no drive is selected by the coarse 
control switch on the reactor control desk. An indi- 
cating dial attached to the main gearbox housing 
indicates the position of the differential cage which 
can be manually moved over a restricted angle to 
facilitate paralleling of the two frequency convertor 
sets during changeover. Indication of the coarse rod 
travel is also transmitted from the differential gearbox 
to the reactor control desk. 

In order to ensure continuity of the coarse control 
supply at the main busbars during changeover of the 
sets it is necessary to parallel the incoming set before 
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Fine control supplies come from 
these sine-potentiometer cubicles 
































Scram button shuts down whole plant in emergency 
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The frequency convertor sets include: driving motor, generator, 
differential gearbox and frequency converter on same base plate 


transferring the load. The line contactors are inter- 
locked to ensure correct paralleling of the incoming 
set, and the control selector switch is automatically 
interlocked so that the incoming set must be carrying 
the load before the outgoing set is tripped off the 
main busbars. 


Rod positions shown 
A magslip indicator in each actuator shows the rod 
position. The indicator also carries two lamps warn- 
ing * no-tension’ and ‘lost or overrun rod ’, operated 
from the switches in the actuating mechanisms via 
fault-finding relay circuits. 
Two safety circuits detect the following: 
1 Faults which necessitate de-energising the actua- 
ting mechanisms and dropping the reds, so 
initiating a shut-down of the reactor 
2 Faults which prevent further movement of the 
rods 
An emergency shut-down of the reactor is initiated 
from the ‘scram’ button on the reactor control desk 
or from one of the shut-down circuits. All the line 
contactors and 415V circuit breakers are opened, thus 
removing the control supply from the main busbars 
and thereby de-energising the actuating mechanisms 
so that the rods give shut-off action. At the same time, 
the sine-potentiometer supply is tripped so that the 
fine rods also give a shut-off action. The main tur- 
bines and a.c. generators are tripped from relays 
operating on under-voltage at the main busbars so 
preventing the turbines being motored. Hence a com- 
plete shut-down of the plant occurs. 
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1696 


fuel channels 


monitored every 27 
minutes for burst slugs 


FUEL ELEMENT FAULT DETECTION 


FAILURE TO DETECT A PUNCTURE in any one 
of the 10,000 canned uranium fuel elements could 
lead to the escape of fission products into the coolant 
stream and so spread radioactivity throughout the 
core and heat exchange system. The first warning of 
an impending fuel-can failure is the appearance of a 
pin-hole puncture through which fission products ean 
escape and by monitoring a very small proportion of 
the gas coming from each channel an early indica- 
tion can be obtained of a burst in its early stages. At 
Calder Hall this is done by sampling the gas coming 
from groups of four channels: if an abnormality is 
noted in the group, the four individual channels can 


then be tested separately and the search thus narrowed 
to the six elements in a particular channel. 

The principle of the detection system used is the 
electrostatic precipitation onto a wire, of radioactive 
daughter products resulting from the decay of 
gaseous fission products. The wire is then monitored 
under a scintillation counter. 

From each of the 1696 fuel channels in the core, a 
sin. diameter stainless steel tube runs to the detection 
equipment. For the purpose of detection, the core is 
divided into eight zones and the tubes from each, in 
bundles of 212, are welded into a stainless steel plug 
welded into a branch on the pressure vessel wall. 


Emerging from the biological shield, eight groups of 212 stainless steel 
tubes carry samples of gas from each of the fuel channels 
to the electrostatic precipitation units. Here are four of the groups 
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The Calder gas sampling system is applied 
both to the fuel channels and also to the bulk 
coolant outlets and inlets. The schematic 
shows the principle 
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They then pass through the thermal and biological 
shields to manually-operated cocks which reduce the 
number of sampling points to 53 per zone by com- 
bining them in groups of four. 

Each of these 53 lines now passes to a motor-driven 
54-way selector valve which in turn links each to one 
of eight precipitator units situated in a special room 
above the reactor control room. Samples from each 
group of four channels is taken every 27 minutes, the 
valve remaining stationary at inlet for 28 
seconds and taking 2 seconds to travel between ports. 


each 


The selector valve consists of a body with 53 inlet 
ports, the 54th position having an internal transport 
port which maintains gas flow through the valve. The 


The precipitators are under the full 100 Ib/sq in. 
pressure and so have to be heavy castings. 
This also incidentally provides shielding 
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inlet ports are connected in turn with the outlet by 
means of a rotating transfer port driven by a motor 
through a worm drive and free-wheel. As the rotor 
arm approaches an inlet port, a cam mechanism fit- 
ted to the housing snaps it forward into the correct 
the wheel mechanism preventing 
damage to the motor. The motor is then switched 
off by a valve switch, rapid stopping being provided 
by an electromagnetic brake. Remote indication of 
the valve position is given in the control room by 
means of 54-way dial indicators connected to synchros 
on the selector valves. 


position, free 


On leaving the selector valves, the gas sample is 
passed first to a cooler unit and then to filters before 
delivery to its precipitator. These filters remove any 
particulate fission products—which have long half- 
lives—leaving only gaseous products remaining. Some 
of these quickly decay and can be precipitated elec- 
trostatically. 

The precipitator units consist of a horizontal cylin- 
drical casting containing the wire drives, and scintilla- 
tion counter. Below, are situated control chassis, e.h.t. 
unit, ratemeter and indicator panel. The wires are of 
stainless steel, 0-005in. diameter, and are motor-driven 
round a series of pulleys to form a continuous loop. 
The motor is mounted outside the unit and is fitted 
with an electromagnetic brake. 

The wire is held at earth potential, the voltage of 
the positive electrode of the precipitator being 5kV. 
This causes solid decay products to be attracted to the 
wire which, after the 28-second sampling period, 


A total of eleven of these precipitator units are 
installed in each of the two Calder 
reactor buildings 
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warnings given in the main reactor control room 


moves along to the scintillation counter utilising a 
plastic phosphor concentric with the wire. Scintilla- 
tions are detected by a cooled photomultiplier tube 
and the output passed to a ratemeter which integrates 
the count over the 28-second monitoring period. The 
output is also passed to the control room where a 
record is made on a set of 54-point scanning recorders 
(described in NUCLEAR POWER, October p 260). 
These have nine pens and six columns, the selection 
being made by a nine-way and six-way switch on each 
selector valve which links each fuel sampling group 
to a definite position on the 54-channel record. 

If any abnormality is recorded by these instru- 
ments, the suspect group of four channels can be 
switched to a spare precipitator unit and the signal 
diverted to a single point recorder in the control 
room. If further investigation is necessary, by means 
of the manually operated valves, individual fuel 
channels can be isolated in turn until the faulty one 
is located. After sampling, the gas is returned to 
the main coolant circuit. 

While a section of the wire is being monitored, the 
next sample is already being precipitated further 
along the wire. This necessitates screening between 
the two sections within the precipitation chamber. 
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So important is the speedy location of a faulty fuel element that a complete 
control room is given over to this. Chart records are however kept and 


No portion of the wire is used more than once in 30 
minutes, thus allowing long-lived activity to decay 
before it is used again. 

In addition to the sampling from individual fuel 
channels, bulk sampling is also carried out from 
eight further points—one each in the inlet and out- 
let gas ducts of the heat exchangers. The reason for 
this is that the possibility exists of a burst immedi- 
ately after a channel had been monitored. It would 
be nearly half an hour before its turn came round 
again and the bulk sampling gives an additional 
warning. These sampling lines lead to the inlet ports 
of a 9-way selector valve similar in principle to those 
used for fuel channel sampling. The same sampling 
period of 28 seconds with a 2-second transfer time 
means that each point is ‘ sniffed’ every 44 minutes. 
The rest of this installation is similar to that for the 
channel detection apparatus. There is a total of 
eleven precipitators: eight for the fuel channels, one 
for the bulk sampling, and two spares. At the time of 
The Queen’s opening there had been no cases of burst 
cartridges. 

The burst slug detection installation was designed 
by Plessey Nucleonics Ltd in collaboration with the 


UKAEA. 
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Pulse counters and ion 


chambers measure reactor output 
from shut-down to full power 


THE INSTRUMENTATION 


THE PRIMARY PURPOSE of the Calder Hall 
station is to produce plutonium in the nuclear re- 
actors. Electricity is generated from the heat which 
must be taken away from the reactors, but the plant 
is designed for maximum plutonium production 
rather than optimum power output. This emphasis 
on the importance of the reactors is reflected in the 
design of the control and instrumentation system. 

Each reactor has its own control room together 
with a third control room in the turbine hall from 
which the electrical output is regulated. The feed and 
steam systems for each reactor are kept separate 
and even the two sides of the electrical system are 
made as independent as possible, in order to reduce 
the chance of a single fault causing a shut-down of 
both reactors. 

The steam supply to the four turbines is fully cross- 
connected so that any turbine may be run from either 
reactor. The principle of operation is that both re- 
actors are kept on full load as far as possible, the 


turbines taking what steam is needed to meet the 





electricity demand. If the demand is less than the 
supply, steam is passed to the dump condensers: if a 
reactor is out for refuelling, then the maximum power 
output is limited to that from two turbines. 

Control and instrumentation of the turbines and 


electrical generators follow normal power station 
practice. It is in the reactor control rooms that we 


would expect to find new and unusual equipment and, 
in fact, much of the Calder instrumentation has been 
developed specially for this plant. 


Mimic diagram 

The main controls and instruments needed by the 
operator for the normal running of the reactor are 
mounted on the control desk in the reactor control 
room. On the control panel immediately in front of 
the control desk is a large mimic diagram of the 
and steam circuits, on which are mounted 
relevant 


coolant 


instruments indicating the temperatures, 
pressures and flows. 


The rate of heat generation is inferred from mea- 


From the Calder power 
house control room, 
current from the four 
turboalternator sets is 
distributed according to 
demand. Nos I and 4 
supply the Calder 
reactor buildings and 
power station ancillaries 
together with the CEA 
grid, The output from 
sets 2 and 3 is taken 
direct to the Windscale 
plutonium works where 
further grid supplies 
are taken off. Windscale 
switching is however 
done from this control 
room by remote control 
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Key to the Calder no 1 reactor control room 


Burst fuel element 
detection gear 3 


‘ S 2 
1&2  54-point recorders IS 4 
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45 
3 54-point selector valve X7 
indicators 
{ 8-point recorder S&S 
5 8-point selector valve bs a 


6 


eget 4\ AZ SSK 
6 a ci recorder i fxl Prins i] 
5 6/0 007 


Fuel temperatures O . 

7 Multipoint temperature 
recorders (for both 
tuel elements and CO. 


—— 





S Multipoint temperature 
indicator (for both 
iuel elements and CO. 

Heat exchangers 

9 * Dew-point recorder’ 
(i.e. steam in CO:) 

10 Single point fuel 
element temperature 
recorder 

11 Heat exchanger graphic 
panel 

12 High pressure steam 
flow 

13 High pressure steam 
pressure 

14 CO. flow 

15 CO. pressure 

16 Low pressure steam flow 

17 Low pressure steam pressure 


18 Fault indicator panel 


Reactor graphic panel 


19 Logarithmic power level (neutron flow) recorder 


20 Reactor fault indicator panel 


On control desk 


21 Low level logarithmic power level recorder—ion 
chamber, DC system 

22 Low level logarithmic power level recorder—pulse 

counting channel 

These two are in removable end sections which are pushed 

into place safely during the start-up of the reactor 
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23 CO: circulator tachometers—with ammeters in each 
circulator motor circuit immediately above corresponding 
tachometer 

24 3-point temperature recorder—2 inlet CO:, 1 fuel 
element 

25 Valve *“*B” controls (i.e. adjustment of lp. steam 

pressure affected inlet gas temprature 

6 2 range linear power level recorder 


Micro-ammeter in ion chamber circuit indicating power 

level (0-220MW ) 

28 Voltmeter monitoring battery supply to ion chamber of 
27 & 26 immediately under these are the illuminated 
push button of the internal telephone system 

29 Power level “* drift *’ recorders 

30 Fuel element temperature “ drift *’ recorder 

31 This panel which operator is observing, contains the 

fine control rod controls and position indicators, plus 

reactor doubling time indicator, plus * megawatts to 
shut down” indicator of the main power level trips 





surements of the neutron flux outside the reactor core, 
and is controlled by movement of the neutron absorb- 
ing control rods. The temperature rise of the coolant 
gas is controlled by its circulation speed and, by ad- 
justing the pressure of the low pressure steam, the 
temperature of the gas returning to the reactor can 
be controlled. 


Sb-Be neutron sources 


The neutron flux must be measured at all times, 
from shut-down to full power. By using self-sustain- 
ing neutron sources of antimony-beryllium the range 
of neutron flux is reduced from about 1145 decades to 
about 8 decades. The neutron flux detectors are 
mounted in a graphite block just outside the pres- 
sure vessel. But because the pressure vessel becomes 
intensely radio-active, this large range of fluxes can- 
not be measured by a single instrument, even though 
two of the ionization chambers are shielded from the 
gamma-rays by four inches of lead. In the low power 
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region, the power of a reactor changes exponentially 
with time and consequently the low power instru- 
ments are calibrated logarithmically. A pair of * pulse- 
counting ” instruments cover the range from shut-down 
to a few kilowatts, and two logarithmic d.c. ampli- 
fiers (“reactor period meters’) with ion chambers 
measure the power from about a hundred watts to 
full power (i.e. about 200MW). At normal running 
powers the reactor is controlled from observations of 
the ‘drift’ power recorder. This is a potentiometric- 
type of strip chart recorder connected directly to an 
ion chamber and it indicates the difference between 
the reactor power and an adjustable * demanded’ 
level. A further potentiometric recorder connected 
directly to an ion chamber records the power level 
on a linear seale and is fitted with an integrator to 
indicate megawatt-hours. 

Measurements inside the reactor are difficult be- 
cause the choice of materials is restricted by chemical 
compatability with the magnesium fuel element 
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sheaths, by the temperature of about 650 °F, and by 
the damage suffered by many materials under the 
intense radiation. The temperatures of a dozen fuel 


elements are measured using thermocouples of stain- 
less-steel-sheathed mineral-insulated cables, which are 
capable of withstanding such conditions. 

\ large number of instruments are needed to detect 
fault conditions in the reactor and its associated plant. 
Rupture of a fuel element sheath, for example, is de- 
tected by the release of radioactive rare gases into the 
coolant stream—this is described in detail in another 
article (p. 287). For emergency conditions a group 
of three shut-down amplifiers connected to ion cham- 
bers will bring the reactor sub-critical if the power 
output exceeds a level determined by the coolant 
mass-flow. These amplifiers are interconnected so that 
two out of the three must operate simultaneously to 
produce a shut-down: one operating alone 
due to a fault in the amplifier itself 
a warning. 


possibly 
merely sounds 


Neutron flux distribution 


Because of the great difficulty of any maintenance 
work on the heat exchangers, corrosion must be re- 
duced to a minimum ; this demands an unusually 
high degree of feed-water purity. The determination 
of pH and dissolved solids follow normal practice 
but the specification limit for de-aeration of 0.005 
ec/litre precludes the use of the normal catharometer 








Watching the power level 
drift recorder, a shift 
foreman makes a slight 
adjustment to the control 
rods. Button on the 
right of his recorder 

in red, gives 

emergency scram action 


type of instrument. A new type of instrument has 
been developed for this purpose using a polorographic 
technique. This has a full-scale sensitivity of 0.035 
ec/litre. 

A leak in the low pressure section of the heat ex- 
changer allows contamination of the water by CO, 
whilst a leak in the high pressure section allows water 
to contaminate the CO,. A by-pass drier on the 
CO, circuit is capable of removing 24 lb of water per 
hour at a concentration of 0.03 per cent by weight. 
A leakage rate above this level would accelerate cor- 
rosion of the heat exchanger. An instrument of the 
infra-red gas analyser type is provided which has a 
full-scale sensitivity of 0.02 per cent. water in CO,,. 
Both the measuring cell and the reference cell, which 
contains dry CO,, have thick calcium fluorite windows 
capable of withstanding 100 lb/sq.in. The measure- 
ment of CO, in steam also uses an infra-red gas 
analyser but the steam must first be condensed. Any 
CO, is stripped from the condensate by air, which is 
then passed to the measuring cell. This reference 
cell contains dry air free of CO,. The full-scale sen- 
sitivity is 1.0 ce of CO, per litre of condensed water. 

The distribution of neutron flux throughout the re- 
actor is measured by dropping lengths of tungsten 
wire into the reactor. After about half-an-hour they 


are removed, the intensity of radioactivity along the 
wire as measured by an ion chamber, indicating the 


distribution of neutron flux. 
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Windscale factory will now 
get its power from Calder 


ELECTRICITY GENERATION AND DISTRIBUTION 


THE FOUR ALTERNATORS have a maximum con- 
tinuous rating of 23MW at a power factor of 0.8 lag- 
ging. These are of normal Parsons two-pole design 
for 3000 rev/min and generate at 11.5kV. Air-cooled 
exciters and pilot exciters are directly coupled and 
are fitted in common frames. The alternator is air- 
cooled by a closed circuit system supplied by a pair 
of motor-driven fans mounted in recesses in the alter- 
nator foundation blocks. 

The output from all four generators (it will not 
be possible to run them simultaneously until no 2 
reactor is working—i.e. in about six months) is not 
dealt with in the same way. Sets | and 4 are distri- 
buted from Calder Hall itself and supply all the 
station ancillaries, such as blowers and pumps. This 
will amount to some 16 to 20 megawatts when both 
reactors are working at full power. The balance of 
installed capacity will be available to the CEA Grid 
through a pair of 30MVA, 11/132kV_ tap-changing 
transformers in a compound just outside the admin- 
istration block. 

The output from the other two turboalternator sets 
(nos 2 and 3) is taken direct at L1kV to a switehhouse 
at the Windseale plutonium works. Here, current is 
taken for driving the several blowers which cool the 
two large graphite piles and the balance is passed 
into the Grid through the substation which was built 
originally to bring grid power into the works. 

The neutrals on each set are earthed through a cir- 
cuit breaker and resistance when the sets are not sup- 
plying the Grid; but when they are paralleled, earth- 
ing is done through an earthing transformer and 
resistance coupled to the 11kV side of the Grid trans- 
formers. 

Output from sets | and 4 is taken to two switchgear 
banks situated in a room below the control room. 
These comprise three 500MVA_ rupturing-capacity 
oil-break horizontal-draw-out circuit-breakers by Rey- 
rolle controlling a generator, a grid transformer and 
an 11kV feeder to each reactor house. This 11kV sup- 
ply is for the Ward-Leonard motor-generator sets 


In the cable basement at Calder, three tunnels 
branch out. Right and centre, rising from brick 
chases, two sets of 11kV cables run to the Grid 
transformers in the CEA compound. Left, rising 
from the chase, lines from no 2 generator set 
run to Windscale down left hand tunnel. Entering 
right hand tunnel some way down, 11kV feeders 
take power to the reactor buildings 
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which provide d.c. for the gas blower motors and it is 
taken through Bryce 30MVA current-limiting reactors 
to English Electric 350MVA metal-clad, compound- 
filled, horizontal-draw-out, oil-break switchgear situ- 
ated in the reactor buildings. These are 13-panel 
units, five of which have a 1600 amp rating and eight 
400 amp. Associated with each set are a 1-15 circuit 
control and relay board in the main reactor control 
room, 

Supply to ancillaries is at two voltages, 3.3kKV and 
415V, and is obtained through a battery of station 
step-down transformers situated in open pens along 
the east side of the turbine hall at ground level. Air- 
break switehgear used for distributing these supplies 
is of English Electric manufacture, the 415V_ gear 
having a maximum rating of 1600 amp, while the 
3.3kKV breakers are rated at 800 amp with a I5OMVA 
fault rating. 

Control rod drives, fans, cranes and other ancil- 
laries in the reactor complex are run from 415V sup- 
ply and for these purposes 13-panel units are installed. 
In the turbine hall for feed pumps, extraction pumps 
and other services both 3.3kV and 415V are used. 
There are two 3.3kV_ switchboards—one of 14 and 
the other of 15 panels—and two 8-panel boards for 
the lower voltage. 

Power for the five circulating pumps, situated in 
a concrete pit close to the cooling towers, is supplied 
at 3.3kKV through a 13-panel board in a local control 
house. 

The Windseale supply from sets 2 and 3 is taken 
direct at 11kV 1100 yards to the new switchgear 
within the factory perimeter. This houses two 3-section 
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Power from Calder Hall is brought to Windscale through eighteen single-core cables carried by 
a bridge over the river Calder. To the left, one of the two reactor houses of Calder Hall B 


750MVA rupturing-capacity switch units which con- 
trol a generator, a Grid transformer and an 11kV 
feeder to the factory. This switchhouse is normally 
unmanned and is managed from the Calder control 
room by remote control circuits. The power and con- 
trol cables, by British Insulated Callender’s Cables, 
lie in a trench for most of the route but cross the 
River Calder on a new 250-ft footbridge. Eighteen 
11kV single-core cables laid in trefoil formation bring 
the power to Windscale and following the same route 
are also eighteen multi-core cables for the control 
circuits. 

Control switchgear at Calder is of the corridor type 

instruments, controls and mimic diagram on the 
front panels with the relay cubicles behind. All four 
generators and 4 
and 3 indirectly at Windseale 
miniaturized remote 


are controlled from here—nos 1 


directly and nos 2 
through 50\ control 


cuits. The operational control board in the centre of 


d.e. cir- 
the room has overriding control to the generators, 
essential instruments and also tap-changing controls 
for the grid substations at Calder and Windscale. 
Busbar zone protection is provided for the metal- 
clad switehgear and the high-impedance system used 


is already in an advanced stage of construction 


gives protection against both phase- and earth-faults. 

Originally, Windscale took power from the Grid 
and when the factory was built a 132kV line was run 
from Roosecote power station, Barrow-in-Furness. 
Now that current will be supplied from Calder Hall 
the original 11kV feeder from the substation has been 
cut and re-routed through current-limiting reactors to 
the new switchhouse so that supplies may now be fed 
into the Grid at this point. The 132kV line also now 
runs north to Carlisle and this is tapped at Egremont 
and Stainburn from whence supplies at 33kV are 
taken to the industrial areas of Workington and 
Whitehaven. 

For emergency supplies to the reactor buildings, in 
which a complete power cut could have serious con- 
sequences, a standby battery room is provided in the 
This contains two Chloride 120-cell 
Planté batteries. The cells are in lead-lined wooden 
boxes and the batteries have each a capacity of 1950Ah 
at the 10-hour rate. A 400kKW mercury-are rectifier 
provides a trickle charge across the batteries of 2.25\ 
per cell. Two eight-cylinder Crossley diesel-electric 
standby generator sets are also provided in what is 
known as the ‘long’ blower house of each reactor. 


power house. 


NUCLEAR POWER NOVEMBER 1956 








is. 
id 


in 


ll 
en 
to 
ed 
»w 
nt 
ire 
nd 








CALDER EQUIPMENT 


Ward Leonard for CO. blowers gives 10:1 speed ratio 


The eight main gas circulators (four to 
each reactor) are driven by separately ex- 
cited light compound-wound direct cur- 
rent motors with commutating poles and 
pole face compensating windings. These 
motors were supplied by Mather & Platt 
Ltd, under a sub-contract from C, A. 
Parsons & Co Ltd. Each motor is con- 
tinuously rated at 0/1500/2200 h.p., when 
running at 0/854/940 rev/min, and with 
the armature supplied with current at a 
voltage of 0/540/600. The motors are de- 
signed for speed regulation on the Ward 
Leonard principle by variation of the 
armature voltage over a range of 10:1. 
Each motor is supplied by a motor gen- 
erator set also of Mather & Platt manu- 
rated for an output of 0/1190/1730kW 
at 0/540/6000 volts at a full load 
speed of about 740 rev/min. It is 


facture. The generator is continuously 


of the direct current, separately ex- 
cited, shunt type, with commutating poles 
and pole face compensating windings. The 
driving motor of the motor-generator set 
is a squirrel-cage induction motor, direct- 
on started, continuously rated for an out- 
put of 2500 b.h.p., when running at about 
740 rev/min, and connected to a 50 cycles, 
3 phase, 11,000 volt supply. The excita- 
tion for the d.e. motor and generator is 
obtained from two exciters each rated at 
1kW 220 volts and arranged to be driven 





In each blower house are two gas circulators. Over the reduction 
gearing is a pony motor for barring round the blower 


by a flexible coupling from the commuta- 
tor end of the generator shaft. 

A control panel with all the necessary 
instruments and controls was also sup- 


plied by Mather & Platt for each motor 
driven circulator. 


Mather & Platt Ltd, Park 
Works, Manchester 10 


Current-limiting reactors protect plant against faults 
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The effect of short circuit currents in 
a power circuit can be minimized by an 
increase in the percentage reactance in 
network at the instant’ the fault 
occurs. This is achieved by means of 
current limiting reactors placed at strate- 
gic positions in the network, and arranged 
in such a manner that they do not cause 
a large voltage drop during normal 
operation, but prevent excessive currents 
being fed into the fault by the alter- 
nator when a fault occurs, thus protecting 
the generating plant from serious damage. 

At Calder Hall two Bryce current 
limiting reactors were supplied, these 
being cennected in the main I1kV 
feeders. These reactors are of the oil- 
immersed, self-cooled type provided with 
magnetic shielding, each unit having a 
rating of 30MVA and reactance of 8 per 
cent and designed to withstand a fault 
current of 9,200 amperes. 


One of the 30MVA Bryce 


reactors at Calder 


In addition to the reactors Bryce also 
supplied two 3000kKVA and two 4000kVA 
transformers to supply the power station 
auxilaries. Numerous transformers were 
also supplied to the Windseale Works. 


Bryce Electrical Construction CoLtd, 
Kelvin Works, Hackbridge, Wallington, Surrey 


Mechanical 
services 


In the mechanical erection and construc- 
tion work at Calder, Matthew Hall shared 
in the installation of: thermal shielding, 
graphite laying and support features, 
burst cartridge detection system, ventila- 
tion, plant erection, mechanical services, 
pipelines and charge tube cooling 
assemblies. 


Matthew Hall & Co Ltd, 
Dorset Square, London, NW! 


295 























2%6 


Liquid CO. arrives by road tanker; evaporated by steam 


Cooling of the graphite-moderated re- 
actors at Calder Hall and the transfer of 
heat from the reactor to the steam-rais- 
ing plant, is achieved by forced circula- 
tion of pure carbon dioxide gas at 100 
Ib/sq in. in a closed circuit through 
the reactor and the steam-generating heat 
exchangers. The total amount of carbon 
dioxide in the system is considerable, and 
the supply of gas, both for the initial 
filling and for normal operation, pre- 
sented a number of special problems. 

Large-scale uses for carbon dioxide 
already exist in the bottled drinks indus- 
try, and many industrial fields. The total 
usage at Calder Hall necessitates consider- 
able reserves on site, and the only satis- 
factory method of supply which met all 
the requirements is bulk delivery and 
bulk storage of liquid carbon dioxide, 
introduced into this country in 1949 by 
The Carbon Dioxide Company, a division 
of The Distillers Company Ltd. 

The Calder installation, supplied and 
erected by the company, is the 
largest plant of its kind so far built 
in the British Isles. 
insulated 


It consists of four 


steel tanks, in which a 
total of 22 tons of liquid carbon dioxide 
Each tank is fitted with 


pressure-controlled refrig- 


may be stored. 
an automatic 
erator, which cools the liquid to about 
0°F. and maintains the pressure at 300 
Ib /sq in. 

Ihe storage tanks are filled by bulk de- 
liveries in the company’s standard road 
tankers, which carry four tons of liquid 
at sub-zero temperatures under pressure. 
The vehicles are filled at one of the many 
factories of The Carbon Dioxide Com- 
pany situated throughout the country, and 
are discharged at Calder Hall by means 
of an electrically-driven transfer pump on 
the vehicle. This pump is powered by a 


generator coupled to the tractor engine. 


C 





~ 


. 


Over five tons of gas are stored in each of these tanks. 
When needed it is evaporated in the tubular heater alongside 


takes 


approximately one hour and is carried out 


Filling or emptying a_ tanker 
without interrupting normal working of 
the plant. 

For use in the reactor circuit, the liquid 
carbon dioxide is vaporized in four 
specially-designed evaporators, developed 
and constructed by the DCL Research 
and Development Department in conjunc- 
tion with the engineers of the Atomic 
Authority. The evaporators con- 


banks of 


jacketed tubes, the number and size of 


Energy 
sist of two parallel steam- 
which were calculated to meet the maxi- 
mum demand of the system. Each unit 
can vaporize more than two tons of car- 
bon dioxide an hour. The units are 
coupled to a manifold, giving a total 
output of over eight tons an hour when 
the main circuit is being filled or purged 
The same system supplies the smaller 


quantity of carbon dioxide gas required 
for normal operation. 

Constant control is exercised during 
manufacture of the carbon dioxide, and 
the system of bulk delivery and bulk 
storage ensures that there is no loss of 
quality before the very pure gas is fed 
into the reactor system. 

The greater part of the installation con- 
sists of standard equipment whose effici 
ency has already been established in gen- 
eral use. The special modifications in de- 
sign and material required to meet cer- 
tain unusual features in the Calder Hall 
specification have proved very satisfac 
tory under test and have made the sys- 
latest 


tem completely reliable in this 


application. 


I Dioxide Co, Devonshir 
Ho ( y nd WI! 


Electric, pneumatic circuits integral in fuel hoist cables 
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BICC, in conjunction with Strachan & 
Henshaw Ltd, have developed two new 
types of cable for use on thermal re- 
actor charging and discharging machinery. 
These cables are capable of withstand- 
ing the high temperatures and radiation 
encountered by the grabs used to handle 
the reactor fuel rods without failure or 
loss of electrical performance. The first 
type, of which over forty length are being 
supplied, contains six 19/:0076 nickel 
plated copper P.T.F.E. insulated cores 
Hoist cables with electric wires (right), 
with central pneumatic line (left) 


laid around a central 110-ton quality steel 
strand and is used at Calder Hall for the 
electrical control of the reactor charging 
and discharging grabs. The second type. 
which is being installed experimentally at 
Calder Hall, incorporates a flexible cen- 
tral duct in addition to the electric wires, 
and enables electro-pneumatic control to 
be achieved with the use of only one 
flexible cable. 

British Insulated Callender’s Cable 

Ltd, 21 Bloomsbury St, London, WC! 


Strachan & Henshaw Ltd, Steel- 
hoist Works, St Philips, Bristol 2 
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Dissolved oxygen by electrochemical instrument 


In order to reduce to the absolute mini- 
mum any risk of stress corrosion in the 
water circuit, special instrumentation is in 
use at Calder to record the concentra- 
tion of dissolved oxygen in the water. 
[his is carried out by Cambridge electro- 
chemical dissolved oxygen recorders 
which are capable of detecting concen- 
trations far smaller than can be measured 
by the physical type of apparatus. The 
recorder depends on the principle that 
a small potential applied between two 
electrodes immersed in water which has 
been rendered conducting will produce a 
current depending on the concentration 
of reducible substances present. The 
value of the potential determines which 
substances will produce a current. By 
using two cells with different potentials 
it is possible to obtain two currents, one 
of which is proportional to the concentra- 
tion of certain impurities and the other 
to the same impurities plus dissolved 
oxygen. The difference, which is re- 
corded, is thus a measure of oxygen only. 
In practice, a small amount of cooled feed 
water is continuously dosed with salt to 
make it conducting and then passed by 
the two pairs of electrodes which are of 
silver and mercury. <A chart recorder 
indicates directly the oxygen concentra- 
tion and a simple calibrating device forms 


an integral part of the instrument. 


lon exchange plant 


Two Permutit Deminrolit mixed bed 
water treatment plants are installed at 
Calder Hall. Each unit has a throughput 
of 2,200 gal/h and provides treated water 
with a conductivity of less than ‘1 recip- 
rocal megohms and a silica content of not 
exceeding ‘2 ppm. Each unit contains a 
bed of intimately mixed Permutit cation 
and highly basie anion exchange 
materials. When raw water passes down 
through this bed the mineral salts present 
in the raw water are converted to their 
equivalent acids by the exchange of 
hydrogen ions from the cation exchange 
materials, The acids are then absorbed by 
the anion exchange material. When the 
exchange capacities of the materials in 
the unit require replenishing the cation 
exchange materials are regenerated with 
sulphuric acid and the anion exchange 
materials with caustic soda. The 
vacuumatic acid handling system enables 
the acid to be drawn, measured and in- 
jected without manual handling. 


Permutit Company Ltd, Permutit 
e, Gunnersbury Avenue, London, W4 
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A turboalternator instrument board shows in bottom row (centre), 
Cambridge multipoint distance thermometers 


Other Cambridge instruments used: 
multi-point stator temperature indicators 
for the alternators, multi-point distance 
thermometers, and chart recorders. Crier e 





for feed treatment 





Permutit mixed bed plants provide feed 
water of highest purity 
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Shunt deaerators chosen to meet low oxygen requirement 


Although 
feed 


many years and can claim to be one of 


Hick Hargreaves have made 


water deaerating equipment for 
the foremost manufacturers, the deaera- 
tion requirements for Calder represent a 
considerable expansion and development 
in this field. 

The principal requirements were that 
the heat 
exchangers should not exceed 100°F and 
that 


the return feed temperature to 


the oxygen content of this water 
should not exceed ‘005 ce/litre under any 
condition of operation. This very low 


oxygen content was specified to ensure 
that 


no deterioration or corrosion takes 


in the relatively inaccessible re- 
actor heat exchanger tubes. 

In accordance with the specified re- 
quirements outlined above, eight sets of 


Hick 


aerators are being 


de- 
set of 
equipment operating in conjunction with 


Hargreaves cold water shunt 


installed, one 


each of the eight turboalternators in the 


two turbine halls of the A and B 
stations. According to latest reports the 
first of these plants is operating well 


within the requirements of the specifica- 
tion. 
The plant operates on the firm's well- 


known recirculating principle, the feed 


Parallel-slide valves 


The valves and associated equipment 
supplied by Hopkinsons Ltd to the Cal- 
der Hall power station comprise a wide 
variety of items, including a large num- 
ber of parallel-slide valves, ranging in 
size from 1 in. to 28 in. bore, some of 
the larger sizes being equipped with Hop- 
kinsons’ electric valve controls, complete 
with contactor units, push button control 


stations, ete. 


SURGE TANKS 


STEAM SUPPLY 
TO EJSECTORS 
STEAM CONTROL 
VALVE 


















EJECTOR DISCHARGE 
TO ATMOSPHERE 
INTERCOOLER 
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WATER 
OUTLET 





VESSEL 


HIGH LEVEL 
ALARM 


OISCHARGE FROM 
N*2 DEAERATOR 


COOLER 
FEED COOLER 







> ‘ 
MAIN RECIRCULATION t 


Percentage of deaerated water is 


recirculated through storage tank; 
ensures maximum spray efficiency 


the deaerator 


nozzles at a 


water being flashed into 


through a series of spray 
vacuum corresponding to the discharge 
temperature of the deaerated feed water. 

The vacuum within the deaerator vessel 


is maintained by a two stage ejector unit, 


from 1 in. to 28 in. 


Other large types of valves are 10 in. 
and 12 in. bore combined stop and iso- 
lating valves, 12 in. bore automatic ex- 
haust valves and 20 in. bore relief valves 
of the deadweight type. In addition, a 
large number of Hopkinsons’ non-return 
valves, Uniflow slide valves and Nolos 
slide valve steam traps are installed for 
various duties. 
includes de- 


Specialised equipment 


A pair of Hopkinson 26 in. motorised valves 
control discharge to a dump condenser 





fitted with a horizontal tubular pre-cooler 
and inter-cooler. 
the 


Any gases liberated in 


deaerator are withdrawn and dis- 


charged to atmosphere by this ejector. 
The the 
ejector, together with any further vapour 


operating steam of primary 
condensed in the tubular coolers, is re- 
turned to the system. 

The deaerated water is withdrawn by 
an extraction pump from the base of the 
the 
As the capacity of the deaerator 


deaerator, and discharged to feed 
coolers. 
and extraction pump is in excess of the 
normal feed requirements, a percentage of 
the deaerated water is recirculated con- 
tinuously through the storage vessel. This 
that the 


always working at maximum efficiency. 


ensures deaerator sprays are 
and further that the water entering the 


all 


particularly at 


deaerator has, under conditions of 


load and light loads, 
already been subject to partial deaeration, 
with a result that there is no falling off 
in the deaerator performance, even under 
minimum load conditions. The recircula- 
ting connection also ensures that in the 
event of the extraction pump being cut 


out, the feed pumps will not be starved. 





Hick, Hargre ) Ltd 

ho Ironwork 1, Lar 
superheating equipment with control 
cubicles containing both mechanically- 


operated 8-way spray control valves and 
electrically-operated 2-way spray control 
valves. Several centrifugal purifiers, for 
the turbine 
lubricating oil have also been supplied. 


continuous purification of 


Hopkinsons Ltd, PO Box 
B27, Huddersfield, Yorks 


One of the valves before erection 
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40 Drimacs used for gas flow measurement 


,nother Elliott instrument used _ at 


which a pressure in the range of 3-15 
Ib/sq in. proportional to the differen- 











r Calder is the Drimac differential pres- : 
n sure transmitter of which some 40 are tal pressure across the orifice plate is 
installed for measuring the gas flow at transmitted to the measuring or record- 
; : , eed ing instrument. A balancing diaphragm 
. | various points. This is a force-balance —° : : 
. » So a callie a dil aie ca ae fitted to the air supply and provides 
"i — = cic iget reads . feed-back to the force balance. Design 
" » applications for the URE of features of the instrument give it an ex- 
liquid or gas flow, liquid level and ceptionally rugged construction combined 
= pressure. In a differential pressure appli- with freedom from corrosion and safety 
“ cation, the pipes from the two sides of — under all conditions. Drimac  trans- 
d an orifice or venturi are connected to mitters are available for static pressures 
or the two sides of a measuring diaphragm — up to 3,500 Ib/sq in. and for differential ; ; ' limi 
ie and a mechanical lever linkage supported pressures down to 0°5 to 3°5 inches of Coenen ee FS 
of t on crossed-spring fulerums transmit the Water. 
n- force developed across the diaphragm to Elliott Brothers (London) Ltd, 
MS a nozzle-controlled air valve through Century Works, London SEI3 
re 
y. 
he 
of | CALDER CONTRACTORS 
1s, , . ; ‘ 

i | i r Fluidrive Engineering Co Ltd: hydraulic couplings to gas blowers 
= Main ues for Calder Hall A meee ae General Electric Co Ltd: cables and other electrical components 
off Babcock & Wilcox Ltd: heat exchangers and associated plant Hadfields Ltd: special steels 
ler Metropolitan Vickers Electrical Co Ltd: control rod actuating gear Sieetinn: Gt & On Lads machenteal carviens 

C. A. Parsons & Co Ltd; tuboalternators; condensers, gas blowers, : 
la- grid transformers Hayward’s Steel Doors Ltd: steel doors 
he Plessey Nucleonics Ltd; burst cartridge detection gear Hayward Tyler Ltd: glandless pumps 
rut Strachan & Henshaw Ltd; fuel loading equipment Honeywell Brown Ltd: recorders 
ie Taylor Woodrow Ltd: civil engineering and building Hopkinsons Ltd: desuperheater controls and steam valves 
Whessoe Ltd: pressure vessels James Howden & Co Ltd: i.d. fans for shield cooling 
Hick, Hargreaves Ltd: deaerators 
ick, g 
Sub contractors and suppliers included Imperial Chemical Industries Ltd: condenser tubing and plates 
Isotope Developments Ltd: reactor gamma monitors 
Accles & Pollock Ltd: stainless steel tubing for burst slug plant R, Jenkins & Co Ltd: coolant ductwork 
Accurate Recording Instrument Co Ltd: instruments Archibald Johnstone (Engineers) Ltd: heat exchanger components 
Aiton & Co Ltd: station pipework George Kent Ltd: chart recorders, instruments and complete 
Appleby & Ireland Ltd: vacuum and pressure gauges panels 
N. G. Bailey & Co Ltd: lighting and electrical installation The Walter Kidde Co Ltd: fire extinguishers 
}. Blakeborough & Sons Ltd: gas valves Lancashire Dynamo & Crypto Ltd: circulating pumps and motors 
Birmetals Ltd: Magnox billets for fuel cans Lloyd’s Register of Shipping: survey and inspection of plant 
rol British Acheson Electrodes Ltd: graphite blocks Magnesium Elektron Ltd: special alloy fabrications 
Ily- British Insulated Callender’s Cables Ltd: 11kV cables, fuel hoist Magnesium Elektron Ltd: Magnox billets for fuel cans 
7 cables Marston Excelsior Ltd: gas sampling heat exchangers 
= British Thomson-Houston Co Ltd: mercury arc rectifiers Mather & Platt Ltd: Ward Leonard M/G sets, blower motor. 
trol J. Brockhouse & Co Ltd: heat exchanger erection equipment boiler feed pumps 
for Brookhirst Switchgear Ltd; fuel loading machines electrical equip- Measurement Ltd: flow indicators 
ine ment Murex Welding Processes Ltd: arc welding electrodes 
ied Bryce Electrical Construction CoLtd: 3 and 4MVA station trans- Negretti & Zambra Ltd: hygrometers 
—— formers and current New Western (Engineering) Ltd: control room installation 
limiting reactors Parolle Electrical Plant Co Ltd: switchboards 
Burnett & Lewis Ltd: CO. dehumidifiers The Permutit Co Ltd: feedwater demineralization plant 
Cable Jointers Ltd: cable work Philips Electrical Ltd: hand and clothing monitors 
Cambridge Instrument Co Ltd: dissolved oxygen meters, distant Pollard Bearings Ltd: core support bearings 
leading thermometers etc. Pulsometer Engineering Co Ltd: pumps 
Carbon Dioxide Co Ltd: carbon dioxide plant and gas Pyrotenax Ltd: mineral insulated cables 
Chatwood Safe & Engineering Co Ltd: fuel coffins Record Electrical Ltd: instruments 
Chesterfield Tube Co Ltd: stainless steel tubing A. Reyrolle & Co Ltd: 11kV switchgear 
Chloride Batteries Ltd: standby batteries J. Rigby & Sons Ltd: heat exchanger studs 
E. K. Cole Ltd: ionisation chambers and amplifiers Royce Electric Furnaces Ltd: fuel magazine dryers 
Colvilles Ltd: steel plate for boiler shells Shaw McInnes Ltd: 28” cast-iron pipe connectors in turbine hall 
Consett Iron & Steel Co Ltd: steel plate for pressure vessel Shell-Mex & B.P. Ltd: turbine oils 
Costain-John Brown Ltd: heavy erection Silica Gel Ltd: dehumidifiers 
Crossley Bros Ltd: diesel-driven standby generators Steel Company of Wales Ltd: thermal shield plates 
Darlington Insulation Co Ltd: thermal insulation Steel Company of Scotland Ltd: thermal sleeves for heat 
Distington Engineering Co Ltd: thermal shield exhaust stacks exchangers 
Delapena & Son Ltd: induction brazing equipment Stewarts & Lloyds Ltd: heat exchanger tubing 
Dexion Ltd: slotted angles Sturtevant Engineering Ltd: dust cyclones 
Dewrance & Co Ltd: heat exchanger mountings and steam valves St George Engineers Ltd: shot-blast plant for heat exchangers 
Edwin Danks and Co (Oldbury) Ltd: equipment for heat Talbot-Stead Tube Co Ltd: stainless steel tubing for burst slug 
exchanger erection plant 
Electric Furnace Co Ltd: stress relieving pressure vessel Tangyes Ltd: lid actuator for irradiated slug coffin 
Elliott Bros (London) Ltd: 54-point chart recorders, pressure John Taylor, Dunford & Co Ltd: turbine lagging 
transmitters Tilghmans Ltd: auxiliary shot-blast equipment 
English Electric Co Ltd: 11kV, 3.3kV and 415V switchgear Vokes Genspring Ltd: constant support pipe hangers 
English Steel Corporation Ltd: thermal shield steel G. & J. Weir Ltd: feed water regulators 
Fairey Aviation Co Ltd: fuel can fabrication Wharton Crane & Hoist Co Ltd: overhead cranes 
Alexander Findlay & Co Ltd: structural steelwork Whipp & Bourne Ltd: 2 sets BTH rectifiers for feeding reactor 
Foxbore Yoxall Ltd: chart recorders and integrators auxiliary equipment 
1086 NUCLEAR POWER NOVEMBER 1956 


299 











The Queen at Calder Hall 


— 4 


On the control and loading floor, Her Majesty accompanied by Mr R. A. Butler 
and Sir Edwin Plowden, views the control rod motors from behind a pair of charge machines 











Works General Manager H. G. Davey shows the Queen A point on the fuel loading system 
one of the two blower houses for no 1 reactor is explained to Her Majesty 
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UNITED KINGDOM 
GEC Turbine for Dounreay 


The contract for the turboalternator to 
be installed at Britain’s first fast-breeder 
Dounreay in the North of 
Scotland has been -given by the UKAEA 
Ltd. The 
contract calls for a I5MW set to operate 
150lb/sq in, 518°F steam and to 
generate 3-phase 50 cycle current at 11kV. 


reactor at 


to The General Electric Co 


from 


The turbine will be built at the Erith 
centre of the GEC/Simon-Carves Atomic 
Energy Group which was formed in 1954 
to design and construct complete nuclear 
power stations. Motherwell Bridge and 
Engineering, who will design and con- 
struct pressure vessels for GEC-SC, are 
the contractors for the Dounreay contain- 
ing sphere which is now almost com- 
pleted. 

It was also announced last month that 
a contract for Dounreay fuel cans had 
gone to Accles and Pollock Ltd 


Investments company. 


a Tube 
The contract in- 
volves the production of niobium (colum- 
bium) and vanadium tubes to extremely 
fine tolerances. The company claim this 
is the first time this has been done in 
other than experimental quantities. 


Bids received for Hunterston 
Tenders for the first nuclear power station 
of the South of Scotland 


Board received on 


Electricity 
were November 1. 
Speaking in Inverness-shire last month at 
a ceremony marking the completion of 
the Garry hydro scheme of the North of 
Scotland Hydro-Electricity 
man J. S. Pickles said that the station 


Board, chair- 


would have an installed capacity of be- 
tween 250 and 300MW electric from two 
reactors and would cost about £35M. 

The site proposed is at Hunterston, 
between the towns of Seamill and Fairlie 
on the Ayrshire coast and planning per- 
mission has been requested from the 
Secretary of State for Scotland, Mr James 
Muart. 

According to plans, no | reactor is due 
for completion in 1961, with no 2 follow- 
1962. It is 


tendering 


ing in understood that the 


firms are the same as those 
which have entered bids for the first two 
CEA stations at Bradwell and Berkeley 
and that the Hunterston design will be 
much the same, apart from changes dic- 


tated by site considerations. 


Ship talks at Harwell 


British developments in nuclear ship pro- 
pulsion were discussed at Harwell on 
Oct 19 when representatives of shipbuild- 
ing firms, shipowner’s organisations and 
the British Shipbuilding Research Asso- 
ciation met members of the Reactor Divi- 


Presid- 


sion under Dr J. V. Dunworth. 
ing at the conference was AERE Deputy 


Director, Dr B. F. J. Schonland. It is 
understood that beth steam turbine and 
high temperature gas turbine systems 
probably using helium—were discussed. 
talks be viewed against 
the background of the 


These must 


American deci- 
sion to go ahead with a large passenger 
cargo liner coupled with the US Navy’s 
almost complete switch to nuclear power. 
In Europe, too, shipping interests are be- 
coming increasingly aware of these pos- 
sibilities and both Holland and Sweden 
have recently announced studies to bring 
nearer the nuclear ship. 

Concern at Britain’s lag in this field 
was expressed by Sir Donald Anderson, 
a deputy chairman of P & O in his presi- 
dential address to the Institute of Marine 
Engineers last month. Speaking for the 
owners, Sir Donald said they would be 
very glad to see the Government spend- 
ing a tithe of what they spend on avia- 
bring 


tion development on work to 


nuclear shipping to the state of com- 
mercial possibility. 


task, 


Donald, was to advance engineering tech- 


The Engineer's went on Sir 
nique measured in terms not just of per- 
formance, but of ultimate cost. Nuclear 
power applied to ships was no better than 
any other means of raising steam, of 
turning a turbine rotor, unless its benefits 
outweigh its disadvantages when balanced 
in the ship's voyage account. 

It is known that several British firms 
are cooperating in developing a nuclear 
submarine and that Harwell’s LIDO re- 
(NUCLEAR POWER 


p 238) is being used to assist this project. 


actor October 


Steelworks run from Calder 
\ British steelworks is probably the first 
major industrial undertaking in the world 
from nuclear 
After she had offi- 
opened Calder Hall on 


to be powered entirely 
generated electricity. 
cially October 
17, The Queen drove to nearby Working- 
ton where, in a ceremony at the Working- 
ton Iron and Steel Company, she oper- 
ated a switeh which brought power into 
the works from Calder Hall. 


enough to run the 


Input was 


whole plant from 


nuclear power. Much of the power is 
used in the rolling mills which are mak- 
ing rails for export. The ceremony and 
tour of the works was seen by hundreds 
television net- 
Part of 
the vision circuit was carried by a super 


through closed circuit 


works supported by Marconi’s. 


high frequency radio link. 


Cut X-rays—icre Chief 


In a world using nuclear energy for 


power, we are faced with the problem of 
quantities of 


disposing of “enormous 


highly dangerous radioactive waste” so 
that no harm will come to anyone. This 
is a very serious problem but one that 
can be dealt with and solved, according 
to Sir Ernest Rock Carling, Chairman of 
the International Commission on Radio- 
logical Protection 
last month. 


speaking in London 

Sir Ernest was addressing an audience 
of nurses said that the back- 
ground dose received by the human race 
had increased by 25 per cent in the last 
30 years. Much the greater part of this, 
he went on, came from diagnostic radio- 
logy and it had become clear that all 
sources of radiation had to be limited 
to the barest minimum. Sooner or later, 


and he 


said Sir Ernest, there would have to be 
a “cease-fire” for bomb tests: a world 
atomic war would be a lethal catastrophe 


for all peoples. 





FRANCE 
Europe's need for 235 and D.0 


1960-5 the OEEC 
countries (excluding the UK) might need 
from 7,000 to 15,000 kg of * additional ° 
U-235 in the form of slightly enriched 
uranium (up to 3 per cent) 


During the period 


according 
to the Organisation’s * Joint Action in the 
field of nuclear energy’ published in 
Paris last The corresponding 
figure for highly enriched uranium will 
probably lie between 2,000 and 6,000 kg. 
The report 


month. 


during this 
period, U-233 will only be available in 
very small quantities and so will Pu-239. 


considers that 


Furthermore, until plutonium technology 
has been more developed, its use in re- 
actors is bound to be restricted. It there- 
fore believes that Europe urgently needs 
a diffusion plant for the enrichment of 
uranium for use in power reactors. The 
plant visualised might handle up to 500 
tons of natural uranium a year and in- 
crease the enrichment up to 15 per cent. 
Highly enriched fuel, too, however, would 
have to be produced. As a natural con- 
sequence of this, a chemical processing 
plant would also have to be built and 
this too would handle the 500 tons. 

OEEC 


of the opinion 


On heavy water, the working 
committee are strongly 
that production plans should be made 
since they consider that, even at its pre- 
sent high cost, D-O can compete with 
It was unable to 


make any firm estimate of demand, but 


any other moderator. 


assuming a gross installed nuclear capa- 
city in the member countries (excluding 
UK) of 12,500MW (heat) in 1965 and 
38,500MW (heat) in 1970 it estimates that 
if one third of this were supplied from 
D.O-moderated reactors the 
would be 500-1,000 
2,000 to 4,000 in 


demand 
1965 and 
An annual pro- 


tons in 
1970. 
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duction of roughly 400 to 450 tons might 
therefore be necessary. At present, the 
total annual output within the Organisa- 
tion is 12 tons (all from Norway). 

if D-O can be made economically as a 
byproduct, OEEC consider that Europe’s 
requirements could largely be met by 
private industry in plants set up as an- 
cillaries to ammonia synthesis and other 
works. If, however, production were not 
sufficient or if it were preferable on tech- 
nieal or economic grounds, primary D.O 
plants would be needed and these would 
probably be joint undertakings. 





SOVIET UNION 
JINR opened 


[The nuclear research facilities of the 
Academy of Sciences at Dubna, some 95 
miles from Moscow on the Volga, were 
handed over on September 28 to the 
newly-formed Joint Institute of Nuclear 
Research (NUCLEAR POWER, August, 
p 154). Speaking to correspondents, dir- 
ector Dmitri Blokhintsev said that the 
laboratories would be devoted entirely 
to peaceful research and that all its work 
would be non-secret and published. Pro- 
fessor Blokhintsev said that scientists 
from non-member countries would be 
welcome to visit and work at the In- 
stitute. JINR’s budget for 1956-7 is 230M 
roubles (£20M). Former Harwell scientist 
Bruno Pontecorvo is in charge of a sec- 
tion of the laboratories at Dubna. 


200MW reactor model 


A permanent All-Union Industrial Exhibi- 
tion demonstrating the latest achieve- 
ments of Soviet engineering is now open 
in Moscow. One of its pavilions is devoted 
to atomic energy and a model of the 
5000kW nuclear power station of the 
USSR Academy of Sciences is included. 

The exhibition also illustrates the 
design of a 200MW_  enriched-uranium, 
light-water-moderated reactor. The core 
is contained in a cylindrical vessel with 
spherical ends and comprises both natural 
and enriched uranium bars. The output 
is regulated by moving the fuel rods and 
introducing absorbing rods. Water at 
100 atmospheres is heated in the reactor 
to 270°C and heat exchangers raise dry 
steam at 32 atmospheres and 235°C for 
the turbine. 


UNITED STATES 
UN studies radiation 


The committee set up by the UN Gen- 
eral Assembly last year to study the 
effects of radiation on man and his en- 
vironment began a two-week session in 
New York on October 22. Under chair- 
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man Charles Chagas (Brazil) and vice- 
chairman Zenon Bacq (Belgium) the 15- 
nation committee agreed to discuss gene- 
tic effects, ocean disposal of waste, bio- 
logical effects of small doses. 

To aid its work, it has before it 34 
reports from 22 governments and as a 
matter of high priority the committee 
is to consider data received on strontium- 
90 build up in milk and fish as a result 
of bomb fall out. 


10MW reactor for Alaska 


A nuclear power plant is to be built at 
Anchorage, Alaska, by the Chugach Elec- 
tric Association and the Nuclear Develop- 
ment Corporation of America, White 
Plains, NY. AEC approval for initial 
design and development work was ob- 
tained for this on August 27 under the 
Power Demonstration Programme. Con- 
siderable AEC financial assistance will 
be called for. 

The reactor will be of 10OMW electric 
capacity and_ heavy - water - moderated, 
sodium-cooled. Only a low enrichment 
of U235 will be needed and since power 
is already very costly in Alaska, the 
nuclear plant should be competitive much 
sooner than in the metropolitan United 
States. The AEC announcement added 
that although extensive technical know- 
ledge exists on heavy water and sodium 
separately, a ‘significant amount’ of re- 
search would be needed to develop tech- 
nology using both together. 


Ship reactor non-secret 
America’s first nuclear-powered mer- 
chant ship will not be secret and the 
reactor design will be on an unclassified 
basis so that engineers from all nations 
will be able to benefit. It will, in fact, 
be a floating research laboratory. This 
was stated by President Eisenhower in 
Washington on October 15 in the course 
of a directive to the AEC and the Depart- 
ment of Commerce to proceed with the 
vessel “as rapidly as possible.” Mr 
Eisenhower said it was a project in which 
he had a deep interest and recalled that 
he advanced the idea of the nuclear ship 
in April 1955. In a joint reply to the 
President, Secretary of Commerce Weeks 
and AEC Chairman Strauss reported that 
joint Maritime Administration/ AEC talks 
had agreed that the vessel would have 
a 20,000 h.p. pressurized water reactor of 
“advanced design” and that it would 
carry 100 passengers and 12,000 tons of 
cargo. It would have a service speed of 
21 knots and measure 595 ft long, 78 ft 
beam and would draw 30 ft of water. 
Delivery of the ship will depend on 
how long it takes to complete the power 
plant and this is currently estimated at 
39 months from the contract signing. To 
carry out the President’s wishes the entire 
project will be under the control of one 
man to be chosen jointly by the Mari- 


time Administration and the AEC. 

A warning that nuclear shipping would 
not be without its dangers was voiced on 
September 20 by Dr Richard Fayram of 
Aerojet-General Nucleonics, San Ramon, 
Cal. Speaking at the University of Cali- 
fornia Dr Fayram pointed out that in a 
collision or a sinking, biological shields 
were liable to be broken thus allowing 
an escape of radioactivity. Since an aver- 
age of seven large ships could be expected 
to sink each year, this would constitute a 
serious hazard. Of the seven, two could 
be expected to sink on the high seas 
and would do relatively little harm, but 
the remainder would sink in coastal 
waters or even in harbour and this would 
be very dangerous. 


“Atoms for Peace’ statute signed 


The International Atomic Energy Agency 
came into being—on paper at least—in 
New York on October 26 when the statute 
was signed in New York by the delegates 
to the 82-nation conference which ap- 
proved it. Before it can take full effect, 
however, the statute has to be ratified 
by the individual governments, Vienna 
was accepted as the headquarters of the 
Agency and now an 18-nation preparatory 
commission has the task of physically 
giving it substance. It is expected that 
the IAEA will be operating towards the 
end of 1957. 

During the New York discussions the 
draft statute was modified in certain re- 
spects, but in the main it has retained 
its original intentions. The main compro- 
mise arrived at is in Article 12 which 
deals with the control of fissionable 
materials. It now has the effect that 
Agency inspectors will be able to visit 
recipient countries to ensure that fuels 
are not used for military purposes. More- 
over, byproducts must now also be ap- 
plied only for peaceful uses or returned 
to the Agency pool. 

The Agency represents a great per- 
sonal triumph for President Eisenhower 
whose famous ‘ atoms for peace’ message 
to the UN in December 1953 was the 
starting point for this outstanding 
achievement in international cooperation. 
Reports from New York also speak 
highly of the skill of Sr. Muniz of Brazil 
who presided at the conference. 

At the signing, a message from Mr 
Eisenhower was read by AEC’s Lewis 
L. Strauss. This said the United States 
would make available to the Agency, 
5000 kg of U-235 from the 20,000 kg set 
aside last February for peaceful uses by 
friendly nations. In addition, the US 
intends to supply as much_ nuclear 
material as all the other countries com- 
bined in the period between the [AEA’s 
setting up and July Ist 1960. The Presi- 
dent concluded with a warning that the 
benefits of nuclear power ‘may come to 
us more slowly than we could wish.’ 


303 























CoOomMmMPWYraANIE S 


Cable irradiation at BICC 


To investigate properties of irradiated 
dielectric materials, the Research Organ- 
of British 


Cables Limited have for several months 


ization Insulated Callender’s 
been operating a 2MV Van de Graaff 
their Wood Lane labora- 
This 


chosen because it can provide a source 


accelerator at 
tories, London. equipment was 
of electrons, positive ions, gamma rays 
and neutrons. 

The high energy radiation is being used 
to modify the structure and properties 
of conventional polythenes and an ex- 
programme of the 
physical and electrical properties of such 


has 


started, with special emphasis on their 


haustive study of 


materials after irradiation, been 
uses as cable insulants. 

The irradiation laboratory comprises a 
central generator block of two storeys, 
with the target room on the ground floor 
immediately under the generator room, 
flanked on each side by cable handling 
laboratories. The 


walls of the target room are 3 feet thick 


and control concrete 
the radiation in the labora- 
the 


level, while those of the generator room 


to prevent 


tories from rising above tolerance 
in which the radiation intensity is lower, 
are 2 feet thick. 

Cable under radiation the 


target room through two slits in the con- 


traverses 


crete walls, and is handled by conven- 
tional take-up and haul-off cable machin- 
ery. 


The leakage of dangerous amounts of 


X-radiation and of electrons into the 
laboratories is prevented by covering 
the slits on the outside with 6 inches 


of lead bricks and on the inside with 
rubber snuggers and aluminium doors. 
The electron beam from the accelerator 
tube in the generator is scanned electro- 
magnetically so that it emerges from the 
the 
bucket as a beam having its longer axis 


parallel to that of the cable. 


aluminium window of scanning 


With these arrangements it has been 
found possible to process continuously 
polythene insulated cables. First investi- 
the such 
cables, after irradiation, have indicated 
that 
stantially 


gations into properties of 


amongst other advantages, a sub- 


raised softening temperature 
results. The plant is the first in Great 
Britain to insulated 
cables in this way, and will greatly assist 
in the assessment of irradiated materials 
for general use in the cable industry. 
The equipment was supplied by the 
High Voltage Corporation of Cambridge, 
Mass, and is similar to that installed at 
the TI Laboratories, Hinxton Hall (NP 


May 1956). 


process _ plastic 


B-10 produced commercially 


Claimed to be the first commercial iso- 
tope separation plant in the world, a 
boron 10 column is now in full produe- 
tion at 20th Century Electronics Ltd, New 
Addingten, Surrey. Construction of the 
plant was completed in the comparatively 
short time of eight months and the pro- 
gramme was so urgent that the 30 ft high 
column was actually constructed long be- 
fore the building which was to accomo- 
date it. 

The column, a narrow tube intricately 
packed with 5 
wire, is suspended centrally in a metal 
vacuum order to 
It weighs, together with control 


miles of stainless steel 


vessel in avoid heat 
losses. 
equipment, several tons and cost in the 
of £2,000 per foot. The raw 
material is distilled at the base and the 
through the 
column, which is set at various extremely 


region 


product is then passed 


accurate temperatures throughout _ its 
length, until it condenses as a colourless 
liquid. This is taken off at the rate of 
a droplet every few minutes, the total 
output being about a pint a month. In 
further involved chemical processes the 
liquid is purified and stored in glass con- 
tainers in the form of boron-trifluoride 
etherate. 

The product is used chiefly for filling 
20th Century’s boron-trifluoride neutron 
counters (NP May 1956 p 41), but it also 
has important other uses, not only in 
nuclear research, but also in medicine. 

The construction and operation of the 
B-10 column is under the supervision of 
Alan Edmunds, 
and it is based on a UKAEA design de- 
veloped by R. Mellroy. Although the 


processes use up-to-date 


ex-Harwell scientist, 


productive 
methods of automation, it is still neces- 
sary to maintain constant inspection day 
and night. The column works continu- 
ously and every possible precaution is 
taken to uniform 


ensure constant and 


conditions. Should there be any inter- 
ruption of the process it might take a 
month or longer to restore the condi- 
tions of equilibrium vital to successful 
production. 

The B-10 produced has an enrichment 
of over 99 per cent, which is better than 
had been expected. The Russians showed 
an experimental column at Geneva but 
their product had an enrichment of only 
87 per cent. A valuable by-product of the 
British column is boron 11 
value in nuclear research. 


of great 


At present the total production of B-10 
is barely sufficient to meet the needs of 
Harwell, but the firm plan the construc- 
tion of several other columns of greater 
heights. The atomic energy authorities 


of several foreign countries have already 
expressed interest in the establishment of 
duplicate plants and 20th Century, which 
has in the past sold important licences 
to prominent European countries, is dis- 
cussing with government authorities to 
what extent British ‘know-how’ can be 
exported. 


The new Babcock House 


The new London head office of Babcock 
& Wilcox, Limited, in Euston Road, was 
formally October 8, when 
managing director Sir Kenneth Hague 
unveiled a bronze plaque in the main 
entrance hall, in the presence of chair- 
man W. Lionel Fraser and directors of 
the company, together with guests repre- 
senting those responsible for the build- 
ing’s construction. 


opened on 


The 8-storey building will accommodate 
some 1500 members of the London staff, 
Babcock 
House in Farringdon Street, as well as 
House and Audrey House in 
other offices 


and will replace the present 


Greenly 
Houndsditch, and smaller 
in the City. 

The building is equipped with the most 
modern facilities for the comfort of the 
staff Central heating by an embedded 
floor pipe system is provided throughout 
the building by two Steambloc automatic, 
oil-fired packaged boilers supplied by a 
Babcock subsidiary company. 
other features of interest 
the showing of 
films and slides, an exhibition room for 
the display of models and exhibits illus- 


Among 
18-seat 
technical 


are a 


cinema, for 


trating the company’s many activities and 
a special purpose technical library to 
maintain an up-to-date service of periodi- 
cals and publications relevant to the com- 
pany’s interests in all fields of industry. 

A Ferranti Pegasus electronic digital 
computer will be installed in 1957. The 
machine with its team of operators will 
provide a mathematical and scientific ser- 
vice for many departments. Programmes 
have already begun on boiler heat tran:- 
The 


computer will also be used to analyse 


fer, pressure losses and circulation. 


piping stresses, steel structures and to 
solve nuclear engineering problems. 

In the entrance foyer the history of 
the 
mankind in 


and benefits 


brought to 


steam, its power has 
industrial and 
marine usage all over the world, is sym- 
bolically illustrated in two large murals 
by Eric Fraser, the central motif being 
a striking representation of Calder Hall 
atomic power station. 

Babcock’s first 
up in Newgate Street nearly 70 years age, 


London office was set 


the staff consisting of three men and an 


office boy. 
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Measuring reactor power 


The measurement of radioactivity formed 
the subject of his address when Dr Denis 
laylor, Head of Electronics Division, 
Harwell, was installed as the new chair- 
man of the Measurement and Control 
Section of the Institution of Electrical 
Engineers in London on October 9. Dr 
faylor commenced with an introduction 
to the geometry and sensitivity of count- 
ing systems with particular reference to 
the background rate. He then went on 


Mr Andrew Young, UKAEA Resident 
Engineer at Calder Hall, is to leave the 
Authority shortly to join C. A. Parsons 
& Co Ltd, Newcastle on Tyne. 

Mr F. W. Martin has joined the board 
of Tube Investments Ltd. 

Mr W. A. Harton, Works Director of 
George Kent Ltd, is on a visit to Canada 
to review progress of Kent Noratlantic 
who now manufacture Kent equipment in 
the Dominion. 

William G. Friedrich has been made 
director of international relations of Vitro 


November 


Thu | Glasgow IMechE Nuclear pressur- 
ised water reactors J. M. Kay and 
F. J. Hutchinson. 7.30 at Technical 
College 
Fawley SIT Mass spectrometers J. 
Blears. 7.00 at Copthorne House 
Aberdeen |MechE Repeat of Kay 
and Hutchinson paper of | Nov. 7.30 
at Robert Gordons College 
Newcastle/CE, IEE, IMechE Nuclear 
reactors for power generation B. L. 
Goodlet. 6.15 at Lit and Phil Society 
London IPE Radioisotopes in indus- 
try C. W. Jones. 7.00 at Royal Soci- 
ety of Arts 
London SCI Recovery of uranium 
from low-grade ores T. V. Arden. 
6.30 at 14, Belgrave Square 
Tue 6 Manchester IEE Conduction and in- 
duction pumps for liquid metals L. R. 
Blake. 6.15 at Engineers Club, 
Albert Square 
London IEE Electric strength of 
highly compressed gases E. H. Holt. 
Insulation properties of compressed 
electro-negative gases P. R. Howard. 
5.30 at the Institution 
Oxford IM Radiation damage A. T. 
Churchman. 7.00 at Cadena Cafe, 
Cornmarket Street 
London IEE Visit of British delega- 
tion to USSR J. Eccles. 5.30 at the 
Institution 
Glasgow IPE Introduction to atomic 
energy J. A. Dixon. 7.15 at Scottish 
Building Centre, Sauchiehall Street 
Mon 12 Ipswich IEE Atomic power stations 
D. F. Welch. 6.00 at Crown and 
Anchor 
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INS TITOTION Ss 


to discuss methods of measuring body 
radioactivity. In particular, he described 
the AERE apparatus which uses four 
photo-multiplier tubes with sodium iodide 
scintillators. This registers the normal 
body burden of K-40 to plus or minus 3 
per cent in a 10 minute count, or plus 
or minus | per cent in a 90 minute count. 

The Chairman had something to say 
about the measurement of fission rate 
in reactors and described how, in order 
to cover the whole range of output from 
shut-down to full power in British re- 


actors two distinct systems are used (1) 
an ion chamber in association with a 
d.c. amplifier for high power levels, and 
(2) a pulse counter, either a fission cham- 
ber or a BF, proportional counter, in 
association with a counting rate meter for 
low levels and start up. He remarked that 
in high fluxes, B-10 counters suffered from 
rapid boron depletion and that lithium-6 
or possibly uranium-235 could provide a 
longer-lived detector. Dr Taylor is Instru- 
mentation Editor of NUCLEAR POWER. 





NAMES IN THE NEW S 


Corporation of America. Dr Friedrich 
will assist Vitro’s activities in atomic 
energy research and development, one of 
which is a survey for the government 
of India of a heavy water/nitrogen fer- 
tiliser project in the Bhakra-Nangal area. 
Dr Park H. Miller Jr has joined the 
General Atomic Division of General 
Dr Miller was 
previously professor of physics at the 
University of Pennsylvania and _ has 
specialised in solid-state and surface 
physics. 


Dynamics Corporation. 


Newcastle IEE Control! and instru- 
mentation of a nuclear reactor A. B. 
Gillespie. 6.15 at Neville Hotel 

Wed !4 Birmingham |ChemE The handling 
of sulphuric, nitric and hydrochloric 
acids H. Saenger. 6.30 at Birming- 
ham and Midlands Institute, Para- 
dise Street 
Sheffield SIT ‘ Pneutronics’ R. B. 
Smith. 7.00 at the University 

Thu 15 Dublin IEE Swimming pool reactors 
Prof. T. E. Nevin. 6.00 at Trinity 
College 
Liverpool IM Some metallurgical 
aspects of welding non-ferrous metals 
P. T. Houldcroft. 7.00 at 9 The 
Temple, Dale Street 

Tue 20 London IEE Data processing for ex- 
perimental work Discussion opened 
by M. V. Wilkes. 5.30 at the Insti- 
tution 
Manchester SIT Control of distilla- 
tion columns J. W. Broadhurst. 7.30 
at College of Technology 

Wed 21 Leeds IChemE Non-Newtonian fluids 
E. G. Richardson. 7.00 at the Uni- 
versity 
Chester SIT Instrumentation and the 
chemical flowsheet J. S. Hunter. 7.00 
at 5 Kings Buildings, King Street 
Middlesbrough SIT Data reduction 
C.A.Laws. 7.30 at Cleveland Insti- 
tution 
Manchester IM The role of grain 
boundaries in creep D. McLean DSc. 
6.30 at the Central Library 

Thu 22 London BNEC Calder Hall Sympo- 

and sium 10 a.m. each day. Central Hall, 

Fri 23 Westminster. Admission by ticket 
only—from BNEC Seeretary, !-7 
Gt George Street SWI 


Mr P. W. Mummery, AERE, Harwell, has 
been elected as Fellow of the Institute 
of Physics. 

Major-General C. A. L. Dunphie, CB, 
CBE, DSO, a director of Vickers Ltd, 
has been appointed Managing Director. 
Mr H. E. Vickers, Generation Engineer 
(Ops), Yorkshire Division of the CEA 
has been appointed Chief Generation 
Engineer (Ops), South Western Division. 
Mr C. M. Houlton, General Sales Man- 
ager of Borax Consolidated Ltd is on a 
visit to the Far East. 





Tue 27 Swansea IEE Nuclear energy in the 
service of man Dr T. E. Allibone. 
6.30 at Brangwyn Hall 
Cardiff IPE Inert gas welding pro- 
cesses Mr Woolcott. 7.15 at S.W. 
Engineers’ Institute, Park Place 

Thu 29 Bristol IEE Nuclear energy in the 
service of man Dr T. E. Allibone. 
6.30 at Colston Hall 
Chelmsford IMechE Application of 
atomic energy to power production 
S. C. Curran. 7.30 at Hoffman Hall 

Fri 30 London PS Discovery of ¥-particles 
and the properties of hyperons Prof 
G. D. Rochester and Dr C. C. 
Butler. 5.00 at Science Museum 
London IMechE American system of 
education and training of mechanical 
engineers H. S. Arms. Education of 
engineers in Europe Prof S. J. Davies. 
6.00 at Institution 


December 

Mon 3 London IEE Nucleonic devices in 
automation—informal talk by Denis 
Taylor. 5.30 at the Institution 
London SChemE Elementary par- 
ticles of nature Prof P. M. S. Blackett. 
6.30 at 14 Belgrave Square SWI 

Tue 4 Chester IChemE Centrifugation as 
a unit operation. 7.15 at Birkenhead 
Technical College 

Wed 5 Manchester IEE Junction and point- 
contact transistor scaling circuits 
G. B. B. Chaplin and A. R. Owens. 
6.45 at Engineers Club 
Manchester IM Boron in Steel F. B. 
Pickering. 6.30 at the Central Lib- 


rary 

London IM The of mag- 
nesium E. F. Emley.- 6.30 at 16 Bel- 
grave Square SWE 


Thu 


o 
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FACTORS GOVERNING neutron multiplication in a 
homogeneous medium are discussed and the variations 
in the number of fission neutrons produced per neutron 
absorbed in the fuel with the fraction of U-235 in the 
fuel are found, The resonance escape probability and 
thermal utilisation are found to depend on the amount 


of moderator present. A homogeneous mixture of 


graphite and moderator is used to illustrate the effect on 
the multiplication constant by increasing the uranium 
enrichment. The equations for the spatial distribution 
of slowing-down and diffusing neutrons in an infinite 
multiplying medium are derived. This introduces the 
quantity known as ‘buckling’ which is a function of the 
multiplication constant and the slowing-down and diffys- 
ion lengths in the medium. 


ON DISCUTE LES FACTEU RS régissant la multi- 
plication des neutrons dans un milieu homogeéne et l’on 
détermine la maniére d’aprés laquelle les variations du 
nombre des neutrons de fission, relatif a un neutron 
absorbé par le combustible, dépendent du contenu de 
U-235 dans le combustible. On trouve que la probabilité 
d’échapper @ la capture par résonance et Vutilisation 
thermique dépendent de la quantité actuelle du modé- 
rateur. On emploie un mélange homogéene du graphite et 
du modérateur pour illustrer l’effet sur la constante de 
multiplication, en augmentant le degré d’enrichissement 
de Vuranium. On développe les équations pour la 
distribution spatiale des neutrons de ralentissement et 
de diffusion dans un milieu infini de multiplication. 
Ces équations contiennent une quantité dite le Laplacien 
du réacteur (‘buckling’), qui est une fonction de la 
constante de multiplication et des parcours de ralentisse- 
ment et de diffusion dans le milieu. 


DIE FUR NEUTRONENVERMEHRUNG in 
einem homogenen Medium massgebenden Faktoren 
werden erértert; man findet gleichfalis, auf welche 
Weise die Vertinderung der Spaltungsneutronenanzahl 
je ein im Brennstoff absorbiertes Neutron vom Brenn- 
stoffgehalt an U-235 abhdngt. Man findet, dass der 
Resonanzfluchtfaktor und die thermische Nutzung von 
der vorhandenen Moderatormenge abhdngen. Man 
verwendet ein homogenes Graphit-Moderator-Gemisch, 
um den Einfluss auf die Vermehrungskonstante durch 
Steigerung der Uraniumanreicherung zu veranschau- 
lichen. Es werden Gleichungen fiir die rdumliche 
Verteilung der Verlangsamungs - und Diffusionsneu- 
tronen abgeleitet. Hierdurch wird eine als Flusswél- 
bung (“‘buckling’’) bekannte Groésse eingefiihrt, die eine 
Funktion der Vermehrungskonstante sowie der Ver- 
langsamungs- und Diffusionsidnge darstellt. 


EN ESTE ARTICULO SON DISCUTIDOS los 
factores que rigen la multiplicacién de neutrones en un 
medio homogéneo y se descubren las variaciones en el 
numero de neutrones de fisién producidos por cada 
neutron absorbido por el combustible con la fraccién de 
U-235 en el mismo. Se comprueba que la probabilidad 
de escape por resonancia y la utilizacion térmica depen- 
den de la cantidad presente de moderador. Una mezcla 
homogénea de grafito y moderador es usada para 
demostrar el efecto en la constante de multiplicacién 
mediante el aumento del enriquecimiento del uranio. 
Se deriva las equaciones para la distribucién espacial 
de neutrones difusores y retardadores en un medio de 
multiplicacién infinito. Esto introduce el factor 
“ buckling”’ que es una funcién de la constante de 
multiplicacién y de los trayectos de retardacién y 
difusién en el medio. 


OBCYMIAIOTCA @MAKTOPBI, ynpaeanaw imue 
pasamnoocenuem nxelimponoe ¢@ e20MozeHnotl cpede, 
a marorre onpevesnemMmcan s0BUCUMOC™b UZBMeCHEHUA 
4“ucna Helimponose Jenenun, NOoAYyWaeMbdIX éBcLedCmeue 
NOZAOWUEHUA MONMUCOM 00n020 neumponda, om codep- 
seanua U-235 @¢ monausce. Oxasnieaemca, wmo 6epo- 
amnocmb Us6EHWCAHUA pez0HaHcHo20 3axeama u 
UCNOALI0CAHUA MeENnsOerix Helimponoe s3aseucam om 
umewwmezoca Kosuvecmea Mmodepamopa. Tomozennaa 
cmech epagiuma c modepamopom ynompebsaaemca 
dan mozo, «wmo6n, nymem yeeauvenua cmenenu 
oGoeawmenua ypana, o6’achumb é@auanue na Koag- 
Guyuenm pasmnoocenua. Boeodamca ypaenenua 
0AA npocmpancmeenno2o pacnpedenenuan netiimponoe 
samedaenuan u Ougigiysuu. Imum eseodumca eeauuuna, 
uszeecmnan nod HazeaHuem KpueUusHH (Aansacuana) 
u aeamowanca Gynnyueli xoogigiuyuenma pa3zmno- 
aeenun, Jaunn samednaenua u Oudidiyszuonnot Jaunn. 


Reactor Physics-6 





1. The value of k for a homogeneous system 


(1) The fast fission effect < 

In general, it can be said that ¢< will be unity in a 
homogeneous system. This is because the fissionable 
material will be so dispersed in the moderator that a 
fission neutron will almost certainly be slowed down by 
the moderator before it has a chance to make a fast 
fission. 


(2) The thermal fission factor 7, 


The calculation of 7 is in fact independent of whether 
the system is homogeneous or heterogeneous for as can 
be seen from (5.30) it depends only on cross-sections and 
amounts of material present. 

It is convenient to rewrite 74. As defined in (5.30) it 
refers to uranium containing any fraction of U***. The 
fraction of U**® present in any sample of uranium may 
be defined in terms of the enrichment factor E by 
fraction of U2*° atoms in enriched uranium 


; (6.1) 


~ fraction of U255 atoms in natural uranium 

where “ enriched uranium ” simply means uranium in 

which the U?** content is different from that in natural 

uranium. Then from (6.1) E = 1 is natural uranium 

and E = 139 is pure U?*°. 

Using (6.1) and (5.34) in (5.30) then gives 
(25) 

1»=, .139—E a, (28) ; 

" 4d4 —— 6.2 

E 6, (25) (6.2) 


The important thing to note about » as a function of 
E is that it increases rapidly with E at first and then 
only very slowly after about E = 10. (See table 6.2). 

The definition of 4 can be extended to apply to any 


mixture of fissionable and non-fissionable materials 
forming the fuel, then 


1= DA) NH / TN) 6.3) 


where S represents summation of the different materials 
—— 
i 

i and 7(i) is zero for non-fissionable materials. 


(3) The resonance escape probability p. 


This has been shown above to be given by (5.11), 
where £, was assumed independent of the energy E. 
Now suppose also that the fuel used is uranium and that 
the absorption in the resonance region of materials other 
than U**® can be neglected. Then 2, can be written as 


E, = N(28) o, (28) (6.4) 


where a, (28) is still energy-dependent. Substituting (6.4) 
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a 


b y James r. Hill Senior Lecturer, Reactor School, Harwell 


NUCLEAR POWER’S course in basic theory 


this month deals with 


neutron multiplication in a homogeneous reactor 


and introduces the idea of “ buckling” 





into (5.11) leads to 
‘E, 
N(28) 
P | >. 
J Ew 





, y. dE 
64 (28) = NN (28). (28) E ] 
(6.5) 


The integral is called the effective resonance integral 
and written 


» 


dE 
Of (6.6) 
. En 
with 
e 6, (28) &, S 
ef = SN (28) a, (28) aati 
so that p can be written 
N28) ("* dE 
p= xp| ~ ey Of E (6.8) 
: . Eun 
Now from (6.7) and (6.8) it can be seen that og 


and p are both functions of the quantity ©, /N(28). This 
quantity is the scattering cross-section of the mixture 
per atom of resonance absorber. 


There are two interesting limits to the value of the 
effective resonance integral (6.6). Consider first the 
case when the ratio of moderator to uranium is increased. 
This means ©, /N(28) increases and in the limit as the 
uranium becomes infinitely dilute &, /N(28)—>c , and so 
from (6.7) 


‘Eo aE "E, 5g, dE 
| Oug E | 6, (28) E (6.9) 
. Ew, . E h 


and the value of this integral is found experimentally to 
be 10-2 barns.* In this case, of course, p 1, which is 
verified by putting %, /N(28) co (6.5), and so p is 
independent of the value of the effective resonance 
integral, 
in the other case in which the ratio of moderator to 
uranium in decreases until ultimately pure uranium is 
reached ¥,/N(28) has the value for natural uranium 
namely 8-3 barns and experimentally it is found that 
“*E. 
of = 290 barns . 
J En 


(6.10) 


In this case p is almost equal to zero because the 
fission neutrons can only be slowed down by uranium. 
In doing so they only lose on average a small fraction of 
their energy at each collision and so will have a very 
small chance of avoiding resonance capture. 


The value of the effective resonance integral has been 
measured for different values of &,/N(28) and its value 
appears to be independent of the scattering material 
with which the uranium is mixed. Typical values of the 
integral taken from the article by Macklin and Pomerance 
are quoted in table 6.1 where all the cross-section are 
in barns. 





| A OE 
ao N (28) CO off E 
6 Eu, 
8-3 10-2 
50 19 
100 27 
300 45 
500 56 
800 68 
1000 75 
2000 98 
20 290 





Table 6.1 


(4) The thermal utilisation f. 


U238 


effective resonance integral for 


As the system is homogeneous the relative thermal 
absorptions of the different components will be simply 


proportional to the respective cross-sections. So f will 
be given from (5.28) by 
N(U U) V(U 


N(U) 5, (U) V(U) + EN (i) ou (i) V (i) 


where N(i) is the number of atoms of material i per cm? 
of material i, V(i) the total volume of material i in the 
system and the summation is over all the materials in 
the system except uranium. In the special case in which 
only uranium and moderator (M) are present (6.11) 
becomes 


N(U)o, (U) V(U) 
N(U) o, (U) V(U) + N(M)o,(M) V(M) 





(6.12) 


It was seen in the last paragraph that p was large for 
large values of moderator to uranium atoms. However, 
from (6.12) the reverse applies in the case of f, for f 
decreases as the proportion of thermal neutrons absorbed 
by the moderator increases. 


(5) The value of k in the infinite system 


Consider the simple case of a mixture of uranium and 
moderator and the value of the product pf for such a 
system. It is clear from the arguments above that pf 
will have a maximum value for some definite ratio of mod- 
erator to uranium atoms as p increases and f decreases 
as this ratio increases. And as ¢« has been taken to be 
unity and 7 is a constant depending only on the type 
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* See Resonance Capture Integrals by R. L. Macklin and H. S. Pomerance 
in Progress in Nuclear Energy Series |, Vol. | Pergamon Press 1956 
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of uranium used then for a particular enrichment of 
uranium the maximum value of k will be given by the 
maximum value of pf. 


It is instructive to consider the possibility of a self- 
sustaining chain reaction in a homogeneous mixture of 
natural uranium and graphite. From the effective 
resonance integral in table 6.1] and (6.12) above p and f 
can be found and it can be shown* that the maximum 
value of pf occurs at a ratio of graphite to uranium atoms 
of about 300 with p 0-70, f = 0-84, pf 0-59 and 
k — 0-78. This then is the maximum value of k attainable 
in a homogeneous mixture of natural uranium and 
graphite and so, as this is less than unity, a self-sustaining 
chain reaction is impossible with such a mixture. 


If we wish to make such a reaction possible the value 
of k must somehow be increased to greater than unity. 
This can be achieved by removing some of the U*%° which 
absorbs neutrons wastefully, or in other words increase 
the fraction of U**® in the uranium. It can also be 
assumed for small values of E that the value of p will be 
substantially unaltered. (For E 2 the ratio of U2, 
which determines the value of p, in the enriched uranium 
to that in natural uranium is 137/138.) 


The effect of enrichment then will be to increase the 
absorption cross-section per uranium atom. This then 
has a two-fold effect. Firstly it increases 4 as can be 
seen from (6.2) and secondly f also increases as can be 
seen by increasing o,(U) in (6.12). The value of 7 
increases more rapidly than f. For example, for E = 2 
n 1-632 compared with 1-34 for natural uranium, 
whereas taking the case previously quoted of graphite 
to uranium atoms f increases from 0-84 to 0-89. Then in 
this case, assuming p remains at the value of 0-70, k will 
become ]-02, and so a chain reaction could be maintained. 


Table 6.2 quotes values of 4 and o,(U) for various 
values of E. It also illustrates the increase in f with E, 
taking a value of f of 0-9 for natural uranium and the 
consequent increase in 7f. 








J 
E f op a f 4 
! “34 7-67 0-900 I-21 
y 1-63 2-6 0-937 1-53 
‘76 7-5 0-954 | -68 
98 52:( 0-984 1-95 
2 2-0 0 0-992 2:02 
19 2-08 687 0-999 2-08 
Table 6.2 variations of parameters 


with uranium enrichment 


2. The bare reactor 


The next step is to consider a finite system and to find 
the neutron flux distributions as a function of position. 
The simplest case to consider is that of a single multiply- 
ing medium assumed homogeneous and of uniform 
composition. It will be supposed that the medium is of 
such a size and the value of k sufficient to make the 
bare reactor, as we shall call it, critical. 

There are two basic differential equations which give 
the spatial distribution of the neutrons—one for the 
slowing-down neutrons and one for the thermal neutrons. 


In a finite capturing medium the slowing-down density 
in the steady state q, is given by (5.24) and (5.25) 
namely 


qa Pq (6.13) 


7*q oq (6.14) 


oT 


The thermal neutron flux ¢ is given by the usual 


_ diffusion equation (see equation (2.45)) 


A, 


3 V2b—S. $+S=0 (6.15) 


where S is the source of thermal neutrons. 


Now the source of thermal neutrons is those neutrons 
which slow down to thermal energies and avoid resonance 
capture. And from (6.13) this is equal to 


pq(=in)=pq( L. ) (6.16) 

so (6.15) becomes 
—— . = 
3 V 26 —=x, +pq( L.)—O (6.17) 


If q is now assumed to be a product of two functions, 
one, X(r), depending on the space variables which will 
be characterised by r, and the other, Y(<), depending on 
t. q can then be written 


q= X(r) Y(=) (6.18) 
and if this is substituted into (6.14) it gives 
*X(r) ! dY(z) (6.19) 
X(r) Y(t) dt 


Now the left hand side is a function of the space co- 
ordinates only and the right hand side of + only. Thus 
each side is a constant and if this is put equal to —B?, 
then from (6.19) 


1 dY{(r) 


B (6.20) 
Y(t) dt 
so that integrating this leads to 
Y(z)—Ae ** (6.21) 


where A is an arbitrary constant. The minus sign with 
B? is chosen for convenience as the slowing-down density 
decreases with increasing +. Then substituting from 


(6.21) and (6.18) into (6.16) gives 


S=pX(r)Ae BL,’ (6.22) 
Also from (6.19) and (6.20) 
/*X(r)+ B?X(r)=O (6.23) 


and substituting from (6.22) into (6.17) and eliminating 


X(r) by using (6.23) leads to 


7274¢+B24—O (6.24) 
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which is the equation for the thermal neutron flux as a 
function of the space co-ordinates. 

There is a most important consequence of this picture 
of neutron behaviour in that when the reactor is critical 
the constant B* can be expressed in terms of the values 
of k, L? and L.2 for the medium. 

Consider first, q(0), the value of the slowing-down 
density for neutrons of zero age, that is fission neutrons. 
The fission neutrons are formed by absorbing thermal 
neutrons in the fuel, consequent fission and then sub- 
sequent fast fission. So at any point per cm? of the system 

ox, neutrons are absorbed 
f¢=, neutrons are absorbed in the fuel 
en¢f =, fission neutrons are produced 


and so q(0) must be given by 


q(0) =er fo, (6.25) 
which from (6.18) and (6.21) putting + — 0 can be written 
q(0)= AX(r) (6.26) 

Now from (6.18) and (6.21) putting = — L2 
q(L,)=AX(r)e—® be (6.27 


and using (6.25) and (6.26) this becomes 
q(L,)=<«4 for,e BL, (6.28) 


This substituted into (6.17) using (6.18) and (6.24) 
and cancelling ¢ yields the equation 


2 2 A, 
ke Ps —1 4 z- * (6.29) 
But Ps L? (see (2. 18)) 
and so | 
k=e ® 40(14 BEL) (6.30) 


The importance of this equation lies in the fact that 
for a given medium the values of k, L? and L.2 can be 
determined and then (6.30) enables B? to be found. In 
other words B? is a function of the materials of the 
system and their arrangement in the system, and as 
calculated from (6.30) is independent of the size of the 
system. 

Now consider equation (6.24). It is of such a type 
that for a given size of system there are a series of values 
of B® depending on the-size of the system which enable 
the equation to be satisfied, and if the system is critical 
then only the solution with the smallest value of B? 
appears. Furthermore, because this value of B? deter- 
mines the curvature of the flux, it is called the buckling. 

Then when B? is determined from (6.24) because it 
depends on the size of the system it is called the geo- 
metrical buckling, B,*. When, however, B? is found from 
(6.30) and depends on the material of the system it is 
called the material buckling, B,,?. 

However, for a critical reactor the thermal neutron 
flux distribution is given by (6.24) with a uniquely deter- 
mined value of B,? which if the system is critical must 
also equal B,,* as there is nothing in the analysis between 
(6.13) and (6.30) to differentiate between the two different 
bucklings. So for a critical reactor 


B2— B?,—B,2 (6.31) 


3. Neutron leakage 


We have seen that to maintain a chain reaction in an 
infinite system requires that k — 1. Because in a finite 
system some neutrons will inevitably leak out of the 
system in this case k will have to be greater than unity 
to make up for this loss. The next problem then is to 
find out what fraction of the neutrons leak out when 
slowing-down and what fraction leak out when diffusing. 

From (6.18) and (6.21) 


q(L,)_ BL (6.32) 





This equation states that the ratio of the slowing-down 
density of neutrons of age 7,, = L,*, that is, of neutrons 
just becoming thermal, to the slowing-down density of 
B’ i * P 
fission neutrons is e : [his means that a fraction 

—B LS 
of neutrons e 
a fraction 


become thermal neutrons and so 
a 
1—e : (6.33) 
must leak out when slowing down. This result it should 
be noted is independent of the position. 
Now for the thermal neutrons the leakage per unit 
volume per second at any point is (see (2.39)) 


— ' 

3 d (6.34) 
or using (6.24) is 

B? d (6.35) 


and the number absorbed per unit volume per second at 
any point is 
x. o (6.36) 
Thus the fraction of thermal neutrons remaining in the 
system 18 
x. ¢ 1 


o¢+A Bd 1+ BL? 
3 


(6.37) 


and again this is independent of position. 
Then from the definition of k, one thermal neutron 
oe 


s 


results in k fast neutrons. After slowing down ke 
neutrons remain in the system. Then of these a fraction 
1/14 B*L? leak out as thermal neutrons and so finally 


k ys 
e (6.38) 
1 + BL? 


thermal neutrons are available to carry on the chain 
reaction. This quantity is called the effective multipli- 
cation constant k,g. so that 


—— BL? ’ 
ko (6.39) 
o 1+ B12 

If the reaction is to be critical then we need one 
thermal neutron to carry on the reaction, so then for 
a critical reactor 


keg = 1 (6.40) 
and (6.39) then reduces to (6.30). 
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Next month's instalment will deal with conversion factor 
eutron balance and the critical size of bare reactor 
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The following reports have been made 
public by the United Kingdom Ator 
They may be borrowed or photocot 
Science Library, London, and the 
Acton, Birmingham, Bristol, Glas¢g 
Liverpool, Manchester, Newcastle 
They are are also deposited in the Libra 
British Museum; University Library, ambridge: Radcliffe 
Science Library, Oxford; Nation Library of n 
Edinburgh) and in the Pat 
marked ® rr 







y be purchased from Her Majesty tationery 
flice 


Atomic Energy Research Estabt. 


Selected abstracts of atomic energy pro- 
ject unclassified report literature in the 
field of radiation chemistry and biblio- 
graphy of the published literature, papers 
noted up to May 1956. Pt. 4. Solid 
systems. (Excluding organic compounds). 
R. W. Clarke. (May 1956. 137 pp) 17s 9d. 
AERE-C/R 1575(4)* 

Selected abstracts of atomic energy 
project unclassified report literature in 
the field of radiation chemistry and 
bibliography of the published literature, 
papers noted up to May 1956. Pt. 5. 
Biochemistry and radiobiology. (Excluding 
animal studies). R. W. Clarke. (May 
1956. 93 pp) 12s 3d. AERE-C/R 1575(5)* 


Selected abstracts of atomic energy 
project unclassified report literature in 
the field of radiation chemistry and 
bibliography of the published literature, 
papers noted up to May 1956. Pt. 6. 
Miscellaneous. R. W. Clarke. (May 1956. 
57 pp) 7s 7d. AERE-C/R_ 1575(6)* 
A.C. liquid metal pumps for laboratory 
use. D. A. Watt. (Jan 24, 1956. 33 pp) 
6s 3d. AERE-ED/R 1856* 


The beta to alpha phase change in pure 
uranium. Pts 1 and 2. B. R. Butcher. 
(May 1956. 26 pp) AERE-M/R 1944 
Production of transuranium elements by 
heavy ion bombardment. Pt. 1. Rapid 
chemical techniques for isolating actinide 
elements from bombarded uranium tar- 
gets. |. Milsted, A. B. Beadle, K. M. 
Glover, J. H. Fremlin. (May 1956. 19 pp) 
2s 9d. AERE-C/R 1951* 

A search for the emission of high energy 
gamma-radiation from a preparation of 
Ac227. |. F. Turner. (Apr |, 1955. 13 pp) 
AERE-NP/R 1982 

Zone melting of uranium. }. E. Antill, 
E. Barnes, M. Gardner. (June 1956. 19 pp) 
AERE-M/R 1985 

The analysis of bismuth-thorium binary 


alloys. A. Bacon. G. W. C. Milner. (july 
1956. 19 pp) AERE-C/R 1992 

An interim report on radiac contamina- 
tion meter developments. W. Abson, 
O. H. Turner. (june 1956. 14 pp) 
AERE-EI/R 1997 

A short course in radiological protection, 
by Health Physics Division and Isotope 
School. ed R. J. Sherwood, H. J. Dunster. 
(June 1956. 102 pp) 13s 3d. AERE-HP/L 
_ 

A metal vacuum furnace for the melting 
of metals by radio frequency heating. 
F. Roberts, B. T. Bell. (June 1956. 13 pp) 
AERE-CE/M 172 

The approach to criticality of Zeus. K. C. 
Hines, J. Egerton. (May 1956. 12 pp) 
AERE-RP/M 81 

An estimation of the Doppler effect in 
fast neutron reactors. A. M. Lane, J. E. 
Lynn, J. S. Story. (july 1956. 45 pp) 
AERE-T/M 137 

Perturbation formule for Hill’s equation. 
M. Bell. (July 1956. 10 pp) AERE-T/M 
139 

Bibliography on the brazing of mild steel. 
G. L. Cooper. (June 1956. 6 pp) Is 3d. 
AERE-Inf/Bib.103* 
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Calder Hall by Kenneth Jay. Sin. x 7hin. 88pp. London 1956 
Methuen. Price 5s 


The publication of Mr Jay’s latest popular account of 
British atomic energy progress 
coincide with the official opening of Calder Hall by 
The Queen but the book scarcely does justice to an 
event which is destined to make history. One has 
come to expect in Mr Jay’s works a fluency and 
lucidity in explaining complicated things to the 
intelligent layman and indeed what there is is well 
up to standard. But from an author with unrivalled 
opportunity 
reasonably have expected more. 

For example, the whole project is shrouded in 
anonymity and not a single one of the engineers, 


has been timed to 


for obtaining information, one might 


physicists, metallurgists and chemists who conceived 
and designed the plant receives even a mention, let 
alone credit. The book 
publication from the AEA although it is published 
by a private company and it is apparent that some 
kind of policy is working in the background. This 
is a great pity, for it has produced not a story of how 
men tackled a great project and brought it off, but an 
official report on some ingenious hardware. 


is of course a semi-official 


The book, of course, sells at a very moderate price 
but one feels that those to whom it might be expected 
to appeal would willingly have paid a little more for 
a better illustrated and fuller version of one of the 
An 
unfortunate transposition of captions appears on 


plate 14. 


most remarkable achievements of recent times. 


W.D. 





The first full description of Calder 
Hall is a book of unique interest. 
Kenneth Jay, a member of the staff of 
A.E.R.E., Harwell, deals with the re- 
search and the decisions that had to 

be made before the 


station could be 





lanned, how the re- 
Kenneth Jay planned, how the re 


CALDER 
HALL 


The Story of Britain’s 
First Atomic Power Station 
With a Foreword by 


SIR EDWIN PLOWDEN 
K.C.B., K.B.E. 


sults of research at 
Harwell were trans- 
lated into engineer- 
ing terms, how the 
plant was built, how 
difficulties were over- 
come and how the 
station is run. 
Though written pri- 
marily for the 
general reader, the 
book provides the 














scientist and engin- 
eer with much of 
interest, including discussion of the 


reasons which decided the design of 


the plant. The illustrations include 
many photographs released for the 
first time. 


Published by METHUEN ar 5/- 
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HELP FOR OVERSEAS TRADERS | 


MANUFACTURERS AND TRADERS 
are invited to apply for a_ useful 
booklet which describes how the 
Board of Trade, the Export Credits 
Guarantee Department, and a world 
network of UK commercial officers 
overseas can help and advise about 
export trade. 

The booklet gives details of helpful 
Government publications ; addresses 
of Regional offices in the United 
Kingdom ; and a list of places abroad 
where UK officials are at your service. 


A GUIDE TO 
GOVERNMENT 
SERVICES FOR 
EXPORTERS 


THE BOOKLET tells you how to set about getting answers to 
questions about tariffs and duties, getting lists of likely importers 
of your goods, protecting yourself against non-payment, appoint- 
ing agents, taking part in overseas trade affairs, making arrange- 
ments for a business trip abroad, and much more that will interest 
exporters old and new. 


[t can be obtained from any of the Regional Offices of the Board 
of Trade ; from the Board’s Headquarters at Horse Guards Avenue, 
London, $.W.1 ; or from Export Services Branch at Lacon House, 


Theobalds Road, London, W.C.1. 


BOARD OF TRADE 
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IT IS SELF-EVIDENT... . 


PRICE DELIVERY 


£98 EX-STOCK 





that there is more than mere convenience in selecting apparatus for a counting installation from a single supplier— 
particularly when one sees that he can offer a family of units of proved reliability and maximum 
versatility for which a complete range of ancillary equipment is available, all at great economy in cost, 
viz. THE SCALING UNIT TYPE D.4019 (the latest version of which is illustrated above) whose basic 
circuitry closely follows that of the successful A.E.R.E. type 200 design, forms a natural selection as a 


fundamental unit and represents a typical example of this policy. 


Please write for details of our range of Power supplies, Pulse amplifiers, Pre-amplifiers, Discriminators, 


Lead Castles, Scintillation Counters, etc., etc., Interconnecting Leads and Rack-mounting Cabinets. 


Labgear (Cambridge) Ltd. 


NUCLEONICS DIVISION 
WILLOW PLACE, CAMBRIDGE, ENGLAND 
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| LABGEAR CAMBRIDGE CAMBRIDGE 2494 
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Just published! 


The reactors of the world. 


The first survey of atomic reactors so far built and 
put into operation. 

In a tabulated survey of 14 pages all important par- 
ticulars concerning atomic reactors which will be in 
cperation by July 1956 have been listed, according to 
countries. The following details are given: model 
designation, type (neutron velocity, fuel arrange- 
ment), application, capacity, location, date of start 
of operation, building costs, owner, designer, fuel, 
moderator, cooling agent, reflector, biological shield, 
control and safety appliances, neutron flux, temper- 
ature etc. etc. 

The second part of the general reactor survey gives 
details about 109 projected research reactors, of 
which 38 are in the process of being erected. The list 
has been arranged according to the position of the 
reactors in 39 countries. 


DIE ATOMWIRTSCHAFT 





Journal for Economic Questions concerning Nuclear Transmutation reports on these questions 
and on all economic problems arising from the application of atomic energy. 
It is published monthly, with a circulation of 6000. Subscription rate: £3.3.0 per annum to 


ROWSE MUIR PUBLICATIONS LTD, 3 PERCY STREET, LONDON, W.! 
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energta nucleare 


The Bi-Monthly Review of the C.I.S.E. (Information Centre for Experimental Studies) | 





THIS JOURNAL 
covers all important developments 
in the field of nuclear technology 


in Italy 
7s 6d 45s 


per copy per annum 


subscriptions to agents 
ROWSE MUIR PUBLICATIONS LTD, 3 PERCY STREET, LONDON, W.! 
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The Journal of Photographic Science 





Essential reading for all connected 








with the scientific or industrial 
applications of photography, radio- 
graphy, kinematography, and all 


related processes 


5s. per issue (six a year) annual subscription : £l . 5s 


This and other publications are issued free to members: Annual subscription £3. 3s. inland; £2. 12s. 6d. overseas. 
Details from the Secretary, The Royal Photographic Society, Dept. NP 16 Princes Gate, London, S.W.7. 


| 























——————————————— 





for laboratory 


and small scale production CG) wcstion... HOW WERE 
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GENERATING * 
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RELIEVED AFTER 
WELDING? 


3-TIER 
BALL 
MILL 


BY veiwer BY EFCO HIGH 

Each pair consists of one driven and one idler roll and the latter can be placed | 

in any of three positions to accommodate containers up to 9” diameter. All Y EATING 

three tiers can be operated simultaneously or one or two separately and | 
1 





This new ball mill is a use- 





ful unit for carrying out a number Se 
of separate jobs or for dealing with 


~ 


different materials at the same time. 
Arranged with three separate motors and with ” 
three pairs of 2}” diameter white rubber bonded 


rolls in three tiers. 


provision is made for varying the speed of the driven rolls. Each tier will carry E 0 U ’ P M E a T 


two |-gallon or three $ gallon or four 2-pint or five |-pint and various com- 
binations of the different nominal capacities can be operated at the same time. 
* AS INSTALLED AT CALDER HALL ATOMIC 
RESEARCH STATION 


PASCALL 


iietcor Telephone | THE PASCALL ENGINEERING CO. LTD ELECTRIC FURNACE COMPANY LTD 


List BM341) | GATWICK ROAD : CRAWLEY : SUSSEX NETHERSY. QUEENS ROAD, WEVERIDGE. SURREY - Weybridge 30. 


Associated with EFCO Led. Electric Resistance Furnace Co Ltd, Electro Chemicel Engineering Co. Lad. 
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SCINTILLATION PHOSPHORS 


Largest selection of non-crystalline 
organic scintillators ever offered 


PLASTIC PHOSPHOR NE 101 


Available at reduced prices in new forms including large 
blocks up to 400 pounds weight for ultrasensitive detectors, 
thin sheets for alpha and beta counting and x-ray intensifi- 
Standard size 


Light 


cation, and in small spheres and powder form. 


rods from 1” to 24” diameter available from stock. 


output 60°, of anthracene. 


Fe TTT TTL MU MLL DO LOLOL LL 
NEW PRODUCTS AND SERVICES 


* Scintillating Gels, 
suspended materials. 


for efficient internal counting of 
* Boron, Cadmium, Gadolinium and Lead Loaded Liquid 
Scintillators for neutron for enhanced 


gamma response. 


detection, or 


“ Liquid Phosphors—In bulk form at new low prices. 


Nuclear equipment built to your specifications. 


NUCLEAR ENTERPRISES 


(G.B.) LIMITED 


BANKHEAD MEDWAY, SIGHTHILL, EDINBURGH, II 
Telephone: CRAiglockhart 4513 
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1750 PEMBINA HIGHWAY 
CANADA 
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Heat 
insulation 
to-day 
-and 
to-morrow 


During the pulverized fuel era, Fosalsil Solid 
Grade and Economite Insulating Bricks and Con- 
crete have gained supremacy in the many appli- 
cations for diatomaceous insulating products in 
power station boilers. 


Simultaneously, suspended wall design has been 
revolutionized by the development of M.P. In- 
sulating Refractory shapes for this duty. 

Ahead lies the nuclear age. . . . Whatever uncer- 
tainties now exist, it is inevitable that even higher 
standards of fuel efficiency will be sought in the 
design of atomic power station boiler walls. In 
anticipation of this need, Moler Products present 
INSULEX—a slab insulation material specifically 
designed for use over large wall surface areas 
Superlative insulating properties and a surprising 
degree of strength result from this amalgamation 
of three fine insulating materials diatomite, 
miculite and asbestos. 


ver- 
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CLASSIFIED ADVERTISEMENTS 


Rates—Classified advertisements are charged at 4s. per line. 
Semi-display setting £3 per single-column inch. 5% is allowed 
to trade advertisers for six insertions, 10% for 12 consecutive 
insertions. Box mumbers will be charged Is. extra. 


Press Day—Advertisements must be received not later than 
23rd November for the December issue. 


Remittances—Cheques and postal orders should be sent to 
Rowse Muir Publications Ltd, together with the order for the 
advertisement. 


Terms—All advertisements are strictly net and must be prepaid. 


Head Office—aAll advertisements should be addressed “ Classified 
Advertising,” NUCLEAR POWER, 3 Percy Street, London W.1. 





APPOINTMENTS AND SITUATIONS VACANT 


BOROUGH POLYTECHNIC 
Borough Road, S.E.1 


Department of Electrical Engineering and Physics 


COURSES IN NUCLEAR 
TECHNOLOGY 


Lecture Courses 


Courses of evening lectures by specialist lecturers from 
U.K.A.E.A., Industry and Colleges, are held weekly on the 
following subjects : 

NUCLEAR POWER 

24 lectures commencing October llth, 1956, covering Basic 
Nuclear Physics, Reactor Theory, and Power Stations. 
NUCLEONIC CIRCUITRY 

7 lectures commencing October 10th, 1956, covering circuits 
used in nuclear techniques. 


Laboratory Courses 
NUCLEONIC TECHNIQUES AND MEASUREMENTS 
PART-TIME COURSE held on Friday afternoons and even- 
ings commencing October 12th, 1956, comprising laboratory 


work illustrating the properties of nuclear radiations, nuclear 
techniques and procedures. 


FULL-TIME COURSES of three months duration on the 


same subject commence on October 8th, 1956, and January 14th, 
1957. 


Further details of the above courses can be obtained from 
Che Secretary, Borough Polytechnic, Borough Road, London, 
S.E.1. 





Young Graduates Chemical and Mechanical Engineers 
required to undertake experimental work associated with 
NUCLEAR POWER PLANT PROBLEMS. Applicants 
will be expected to develop contacts with parallel work 
in Government laboratories. This post offers good pros- 
pects in a well established organisation. Apply to 
Personnel Manager, R.D./2, Head Wrightson & Company 


Limited, Teesdale Iron Works, Thornaby-on-Tees. 
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INSTRUMENTS 





Instrument-makers have 


COMPLETE PRODUCTION & ASSEMBLY FACILITIES 


for steady medium-run assemblies 
delivered fully tested 


from working drawings 


O P INSTRUMENTS, 54 Upper Montagu Street, W.1 











IMPORTANT 
NUCLEAR POWER is read by 


engineers of all classifications 
by either direct subscription 


or through libraries 


Contact with KEY PERSONNEL 
may be made 


by announcing your requirements 
in NUCLEAR POWER classified columns 


RATES : 4s. per line 
(approx. 9 words in a line) 
£3 per inch semi-display 











BOOKS 
COSMIC MACHINERY (Published at 12/6d). Describing the 


cosmical electro-magnetic relationships of earth and sun. By 
the late Capt H. A. Staples, M.C, FRMetSoc, whose executors 
have several hundred copies available. Enquiries for bulk 
sale invited. Specimen copy free on receipt of 10d stamped 
addressed label to G. W. Staples, 21 Riverdale Road, Thames 


Ditton. 
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suppliers of 
CADMIUM 


BISMUTH 
INDIUM 


HENRY GARDNER & CO. LTD “232° 


Cables: NONFERMET London Tel: MANsion House 4521 and at BIRMINGHAM, MANCHESTER, GLASGOW 


LEAD 
TITANIUM 
TITANIUM ALLOYS 
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YEAR BOOK and BUYERS GUIDE 





This new annual publication is a complete and comprehensive 
guide to the whole field of nuclear activity. It contains over 
500 pages and will be indispensable to all firms, atomic energy 
agencies, and research workers engaged in nuclear work. 


Orders can now be accepted. Price 42 shillings to 
ROWSE MUIR PUBLICATIONS LIMITED 
3 PERCY STREET, LONDON, W.!I, MUSEUM 8252 
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RESEARCH 
and 
INDUSTRY 


THE SERVICES OF the Fulmer Research 
Institute are available to industry to carry 
out sponsored research on a_ confidential 
basis. The high qualifications of the staff 
and the comprehensive range of laboratory 
equipment enable the Institute to handle, 
economically and_ efficiently, the specialised 
problems of a wide range of industries. 


WORK IN PROGRESS INCLUDES: 


purification and extraction of metals, light alloys and high- 
temperature alloy research, corrosion testing, creep and 
fatigue of metals at normal and elevated temperatures, x-ray 


studies on constitution of alloys, precipitation hardening, 
liquid metals etc. 


FOR FURTHER INFORMATION PLEASE WRITE TO: 


The Director of Research 
FULMER RESEARCH INSTITUTE 
LIMITED 
STOKE POGES Tel.: FULMER 180 BUCKS 























THE THERMAL POWER generated at Calder Hall 
will be handled, in the secondary heat transfer 
circuits, by Hayward Tyler glandless pumps of which 
thirty-four are being supplied to the order of Babeock 
and Wilcox Lid. Our picture shows one of these 
zero-leakage electric pump and motor units. 


HAYWARD TYLER 


& CO. LTD. LUTON ENGLAND LUTON 6820- 
ONDON OFPICE 
\ Hots FINSBURY CIR¢E = + 








